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ABSTRACT 
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the four occupations, the guide is also intended to reduce the 
students' mathematics anxiety. Input for the project was obtained 
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Northern Utah. (Author/KC) 
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ABSTRACT 



This Project (1) identifies basic and functional math skills (shop math skills), 
(2) provides pre-tests on the above functional math skills, and (3) provides 
student learning projects (Project Sheets) which prepare metal trades students 
to read, understand and apply mathematics and measuring skills that meet entry 
level job requirements as defined by the metal trades industry for the following 
occupations: 
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This project was accomplished between January 5 and June 30, 1981. 



This report contains the training outline, called Student Training Record, for 
each of the occupations listed above. The training outlines titled "Shop Math 
for Combination Welder Apprentice", Shop Math for Machinist Helper", "Shop Math 
for Precision Metal Finisher", and "Shop Math for Sheet Metal Worker Apprentice" 
identify the basic functional math skills needed for each occupation. 

Each Student Training Record lists the Milestones (major training subjects) and 
Projects (learning activities) the student is to accomplish. 

This report also contains the individualized, single-concept, student learning 
projects, called Project Sheets, pre~tests and handouts for Shop Math for Mach- 
inist Helper. 

Each Project Sheet contains three elements: 

1. Front Page —Listed here are the following instructions and information: 

A. Heading: Listed at the top of the page is the Cluster, Occupation, 
Module, Milestone and Project to properly identify where the project 
is contained within the specific Student Training Record. 

B. Training Conditions: Listed here are the equipment, tools, etc. 
needed to successfully perform and complete the Training Project. 

C. Training Plan: First, an explanation of WHAT will be done and WHY it 
must be learned are given (i.e., the purpose and objective of the 
project). Second, a step-by-step procedure of HOW to do the project 
is given. 

D. Training Goal: This entry identifies exactly how well the student is 
expected to do in solving, the Shop Problems at the end of the Project 
Sheet. 

2. Review of Basic Math Principles —The first part of the text of each Pro- 
ject Sheet contains a brief review of the basic math principles, along 
with example problems, to help the student see the application of the 
math principles. This review, as well as the example problems, are de- 
signed to help the student successfully complete the Shop Problems at 
the end of each Project Sheet. 

3. Shop Problems —At the end of each Project Sheet are a series of eight to 
fifteen typical shop problems the student will incurr on the job. These 
problems are all descriptive shop problems which challenge the student 
as if he or she were an employee with the Shop Problems as an assig, ,nent. 

Project Sheets for shop math for each of the other three occupations listed 
above differ only in slight wording changes of example problems as well as 
different Shop Problems for students to solve. 

The pre-test is a criterion referenced assessment instrument designed to deter- 
mine out the student's level of knowledge of math for his/her metal trade 
occupation. Both a comprehensive version of the pre-test (fill-in the blanks) 
and multiple- choice version suitable for computer scoring are provided in this 
report . 
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INTRODUCTION 



Research has shewn that most math students do not see the relationship of numbers, 
letters, hypotheses or theorems and how they arc or may be used in their daily 
living at home or on the job. In the Spring/Summer 1980 issue of Science Education 
News, published by the American Association for the Advancement of Science, Robert 
Davis, associate director of the Computer-Based Educational Research Laboratory 
at the University of Illinois said, "Most students believer mathematics doesn't 
make any sense. They think it's a dumb game that really doesn't work." Davis 
goes on to say that most students she has observed don't see any connection be- 
tween the mathematics symbols they manipulate on paper and anything else. 

At Weber State College Skills Center* we found a similar math application 
barrier in training students for entry level jobs in the metal trades. Students 
had difficulty in applying their classroom math skills toward the solution of 
practical shop problems associated with the metal trades. One level of math 
proficiency is the -ability to solve groups of similarly written problems that 
require little or no ingenuity. This is the level that students normally reach 
during high school math. Our vocational students need a higher level --the level 
beyond the math application barrier. Students in the metal trades, and perhaps 
in other trades as well, must have the ability to select and apply the 
appropriate math skills required to solve the job at hand. For example, a 
machinist must know whether a particular problem can best be solved by using the 
techniques of Geometry or Trigonometry. Cnce the selection has been made, the 
machinist must also have the ability to apDly appropriate math skills that will 
result in a meaningful solution. This project provides the vocational student a 
means of eliminating the math application barrier. 

In this project, we set out to achieve two goals: 

1. Identify basic and functional math skills which prepare metal trades 
students to read, understand, and apply mathematics and measuring skills 
that effectively meet entry level job requirements as defined by metal 
trades industry for: 

Combination Welder Apprentice D.O.T. 819.284-008 

Machinist Helper D.O.T. 600.280-026 

Precision Metal Finisher D.O.T. 705.484-010 

Sheet Metal Worker Apprentice D.O.T. 804.281-010 

2. Develop individualized, self-paced, single concept, student learning 
projects which prepare students to read, understand, and apply basic and 
funct.onal mathemati>. and measuring skills required for entry level 
jobs in the four oc~ pations listed above. 



Weber State College Skills Center is a vocational training facility operated by 
Weber State College. The purpose of Skills Center is to increase the employ- 
ability of the individual -through a partnership with employers. }n addition to 
developing specific job skills, students learn other things that lead to 
success in the work environment—things like a good attitude, the ability to 
communicate, and the importance of dependability and- punctuality. Skills Center 
is open to all applicants 16 and over who will benefit from the traininq and be 
an employable age when their training program is complete. 

s 
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The handouts listed on the Student Training Record are summaries of geometric 
area and volume formulas introduced in the Project Sheets. 

A complete list of the Training Modes employed at Weber State College Skills 
Center appears in Table A. 

All student materials for this project were written for metal trades vocational 
training students. The reading level for student learning materials is fifth to 
eighth grade. 

Permanent copies of this report as well as copies of materials developed for 
Combination Welder Apprentice, Precision Metal Finisher and Sheet Metal Worker 
are on file and available from: 

Utah State Office of Education 

Adult Education Unit 

250 East 500 South 

Salt Lake City, Utah 84111 

Copies of the complete Student Training Records for each of the four metal 
trades occupations cited in this report, appear in Appendix A. 
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i WSC SKILLS CENTER LEARNING MODES 
i m 



Printed 



.lode Training Mode 

PS [ Project Sheet: Individualized 
self-paced, single concept, 
graded reading student 
handout. 



TX Next: Reading assignment in a 
textbook or s! op manual . 



HO I Handout: Written materials 
otherlhan Project Sheets. 
May be given to the stu- 
dent to keep. 




Code Training Mode 



I T 



DM 



RP 



TR 



QZ fiim: Written evaluation 
ofessential points within 
a Module or Milestone. 




Lecture : Lecture-style present 
ation. May involve one student 
a small group, or the entire 
class. 



Di scussion : Group discussion 
led by Instructor. 

3 enion s t ra tion : Demonstration 
of an activity—Instructor 
demonstrates to student(s), 
or student(s) demonstrate 
proficiency to Instructor 
and/or other class members. 

Rol e Pla y: Group of students 
role play and discuss an on- 
1 he- job situation. 

ield Trip : Students visit an 



off-Center facility 
Review : Verbal evaluation of 



essential points within a 
Module or Milestone. 



Table 



JCode 



CT 



VC 




AUDIO-VISUAL 



Training Mode 



Mot ion Pi cture: 16mm sound motion 
picture film. 

Slide-T ape: 35mm slides in carousel 

fi. 1 : ~ 



wi th audio cassette. 



Fj lilts tri^-Td])e: Films trip with 
audio cassette. 



Cartr idge: Visual and audio pre- 



sentation in one self-contained 
unit 



Video: 3/4 inch U-matic cartridoe 
or 1/2 inch CIAJ reel-to-reel video 
L ape. 



ranspar ancies : Overhead trans- 



parancies. 



CI 



Audio Tape : Cassette tape. 



Computer Assisted Instruction : 
Computer terminal . 
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MODULE: SHOP MATH FOR MACHINISTS 



6/81 TRAINING MODULES AND MILESTONES 



1 . Math PrPt^t 



DATE 



Surt 



-t 



CompUti 



PERFORMANCE <x) 



On 
Own 



with 



Mm 
Sup*f 



Max 
Sup#r 



— Math for Measuring Instruments 



201 



PS: Addition and Subtraction of 
Fractions 



202 



202 



PS: Multiplication and Division of- 
Fractions 



PS: Addition and Subtraction of 



Decimals 



201 



PS:- Multiplication and Division of 
• . Decimals 



201 



206 



20Z 



PS: Fraction-Decimal Conversions 
PS: Rpview ofMpasnrT ment Numhprs 



PS: Working, with Metrics 



3. 'Specialized Math Skills 
PS: Shop Algebra: Part 1 



208 



201 



PS: Shop Algebra: Part 2' 
PS: Shop Algebra: Part 3 



210 



PS: Shop Geometry: Part 1 



HO: Formulas for Plane Geometric 



Figures _ 
Shop Geometry: 



212 



Part 2 



HO: Formulas for Solid Geometri c 



215 



21£ 
212 



Figures. 



PS: Introduction to Trigonometry 



-ESj Shop Trigo nometry: Part 1 



-HSJ — Shop TrinnnnmPtrvr Part ?. 
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HO: Formulas for Solid Geometric 
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MODULE: SHOP MATH FOR SHEET METAL WORKERS 





5/ 0 1 TRAINING taODULfcS AND I41LECTOME3 


DATE 


PERFORMANCE (x) 






On 
hWh*f 

Awn 

writ 


with 


Surt 


Comptet* 


Mm 
Super 


Max 


Additional 




1. Math Pretest 
































































fcj nam ior Pleasuring instruments 














im 
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SHOP MATH FOR THE METAL TRADES: PRETEST 

PART 1 

Work the problems and write the correct answers in the blanks. 

Add and subtract the fractions as indicated in the following problems. Reduce 
answers to simplest terms. 



Z. ZX + $1 



8 l€> ife -* Z 



8 



S2 8 ie 

16 8 «fr 16 



4 + S - 5 - J_ c 

5 to -5" 2© 



7. In the sketch below find the dimensions x and y . 

* y 
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8. In the sketch below find the total length of the bar. 

Length 




10. Find the total length of the profile gage shown in the sketch below. 

Length 





L 3" 


1 47" 


\ 

25" 


IS"' 


I 

29 " 








5Z 





o 19 
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Multiply the following fractions as indicated below, and reduce to simplest 
torms. 



tl. 



z 4 8 



IS. ft > 6_ 
5 5 



8 



7 4 F 



Divide the following fractions and reduce to simplest terms. 
15. 



_7 
8 



3_ . 
4 



4 * 5 



IT. 2:5. - Z-L - 
8 4 " 



18- 3 2. A 4 - 
5 ' i 



3" 

19. You are required cc make 22 pieces of pipe, each ^ long. If you allow 



16 



waste for each piece of pipe, how long a piece of pipe stock is 



required for the 22 pieces? 



Length of pipe stock 



20. If you assume no waste, what is the greatest number of — pieces you can 

16 

make from a piece of bar stock 12V' long? Look at the sketch below. 

Total nimber of pieces 



9 

ERIC 



16 



16 
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/ I 1 ■■ 1 

> i 

/ 1 1 


■ 












1)6 





4o£ 8 



Add and subtract the decimal numbers as indicated below. 
21.. 0.4615 + 7.32 - 4.325 = ___ 

22. 5.671 - 2.3 - 0.0421 = __ < 

23. 6.3 + 0.452 + 8.623 - 10.5001 = 

24. 4.1 + 0.322 - 2.6 - 0.315 = 



25. You have listed the following cost items for a certain job: materials, 
$157.24; grinding, $175.56; Machining and polishing, $452.75; painting, 
$145.40; and profit, $275.00. How much do you charge the customer? 

Charge 



26. You have the following information about 4 pieces of sheet metal: Their 
total weight is 100.76 pounds. One sheet weighs 42.67 pounds, another 
sheet weighs 20.42 pounds, and the third sheet weighs 11.86 pounds. How 
much does the fourth sheet weigh? 

Weight of fourth sheet 

27. What are the dimensions A, B, and C in the sketch below. 

A . B C 






t - 

0502* 




+ 




1 

I.SSl" 















0.561 

L 



- I.8SZ" 
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The next four problems' should be done the long way without a calculator. 
Multiply or divide as indicated the decimals below. 



28. 


5>.7£ * 


S".3Z - 


29. 


0.521 * 


2.2-4 ~ 


50. 




4.5S - 


51. 


4,5.^5 -f 


4.25 ~ 



32. A rectangular piece of sheet metal measures 2.62" wide by 4.51" long. 
What is the area? Remember, the area is equal to the length times the 
width. 

Area to the nearest hundredth of an inch 

33, You have measured a circular casting five times to get an average diameter. 
The readings are: 1.312", 1.311", l.:i9", 1.320" and 1.315". What is the 
average diameter of the casting to the nearest thousandth of an inch? 

Average diameter 




34. If you charge $3.55 for a welded bracket, how many brackets can a 
customer buy for $78.10? 



Nurrber of brackets 



Work the next five problems the long way without a calculator. 

Change the following fractions to decimal numbers. Round to the neaiest thou- 
sandth. 

z _ 
S _ 

17 

1000 

47 " 

7S" - 
iZJ 




5S. 
56. 

57. 
58. 
39, 
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40. Find dimensions A, B, C, D, and £ in decimal form to the nearest thou- 

sandth of an inch. Look at the sketch below. 

ABODE 




l-jinf; CWange. all ■fractions -Vo decimal ^orvn 

ba^orfe aadxtyc^ or Sub+rac-hng* 

Change -he following decimals to fractions as indicated below. 

41. Change 0.0462" to the nearest 32nd of an inch. , 

42. Change 0.543" to the nearest 64th of an inch. , , 

43. Change 0.925" to the nearest 16th of an inch. 



44. In the sketch belcv change the decimal dimensions, width, length, and 
hole ciameter to the nearest 64ch of an inch. 



W 



Hole diameter d 
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Use the following conversion factors to work problems 56 through 62. 



When you know 


You can find 


If you multiply 


inches, in. 


millimeters, mm 


25.40 


inches, in. 


centimeters, cm 


2.54 


teet, tt. 


meters, m 


0.3048 


mi I es , mi. 


kilometers, km 


1.6093 


millimeters, mm 


inches, in. 


0.03937 


centimeters, cm 


inches, in. 


0.3937 


meters, m 


feet, ft. 


3.2808 


kilometers, km 


miles, mi . 


0.6214 


square inches, in. 


square centimeters, cm 2 


6.452 


square feet, ft. 


square meters, r z 


0.093 


square centimeters, cm 


2. 

square inches, in. 


0.155 


•> 

square meters, m 


2. 

square feet, ft. 


10.764 


cubic inches, in.^ 


cubic centimeters, cm 


16.38? 


cubic feet, ft. 


S 

liters, /£• 


28.317 


gai ions, gal . 


liters, > 


3.785 


j*** 1 i *1 ^ ^ * M 4* "? m 4* W% MM* ^ 

cuDic centimeters, cm 


cubic inches, in. 


0.061 


1 1 lei S , /✓ 


cubic feet, ft.^ 


0.035 


liters, p 


gallons, gal. 


0.264 


pounds, lb. 


kilograms, kg 


0.454 


ounces, 02. 


grams, g 


28.350 


kilograms, kg 


pounds, lbs. 


2.205 


grams, g 


ounces, 02. 


0.0353 
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45. If you are traveling at 82 kilometers per hour, are you exceeding the 55 
mile per hour speed limit? 

Yes No _ 

46. Look at the sketch below and find the total surface area of the rectang- 
ular block in square centimeters and its volume in cubic centimeters. 

Total surface area Volume 




47. How many kilograms are there in a ton? (Ton = 2,000 pounds) 

Kilograms in a ton 

48. In the sketch below, change the length and width dimensions and their 
tolerances to millimeters* Round to the nearest hundredth of a millimeter. 

Length dimension Width dimension 





t 

4.5 1 0.075" 

\ 


[* 1Z.*±0.00£* 


1 





49. If your car gets 9.35 kilometers per liter, how many miles per gallon 
does it get? 

Miles per gallon 

50. Find the circumference in centimeters and the area in square centimeters 
of the circle shown in the sketch below. Remember, the circumference of a 
circle equals If times the diameter where TT = 3.14, and the area equalsTT 
times the radius squared and*fT still equals 3.14. 



Circumference 
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SHOP HATH FOR METAL TRADES: PRETEST 

PART 1 (COMPUTERIZED) 

Choose the best answer for each of the following questions. 

In problems 1 through 6, add and subtract the fractions as indicated. Reduce 
answers to lowest terms. 

1. ± + - + ~ + - + - = 2 3 I + ii + ,3. 

8 16 16 4 2 816 7 

, 5 1 

9 1 

c ' 16 c - l Te 

3 ii + I_3_J__ 3 . 13 . , 3 . 15 

3 ' X 16"8 A 16" 7 32 8" «16 " 

i 3 7 

3 * l 16 a - ^ 

- l ! >■ 5 ii 

3 15 
c T c. 3 — 

4 J 32 

b. a| b. ii 

c 3* c. li 



9 c « A Io 

3 ■ A ' 1 h 



In problems 7 and 8, look at the sketch below. Find the dimensions x and y. 

1. x equals: 8. y equals 




9 
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a. 
b. 
c. 
d. 



13" 


a. 


5" 


16 


8 


>§" 


b. 


9" 




10 






1" 


>*■ 


c . 


5 


13" 






1 16 


d. 
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9. In the sketch below, what is the total length of the bar? 

1" 



a. 4y 
4 



b. 



16 



c. n s 



d. 5" 




2L* 









(1 1 




8. 





In problems 10 through 12, look at the sketch below and find the dimensions 
z> }jy and z. 



■ * 





~V • ~"© — H7 

r 1 i . >r 


- 


8 




Y 


— Z— ■ 






• 




-4 







1C. Dimension # equals: 11. Dimension £ equals: 12. Dimension 2 equals: 

r 



a. 7T 



3" 
8 



a. 1^- 



a. 7T 



5" 
8 



b. £ 



5" 
8 



1" 

b. 2± 



b. 1 



c. 



16 



d. 1- 



3" 



c. 1- 



d. 1- 



11' 
16 

15" 
16 



c. 1- 



9.. 
16 

16 



d. 



11 
16 
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13. Find the total length of the profile gage shown in the sketch below. 



a. 



,39" 
*64 



b. 4 



49" 
64 ' 



4^" 



.61" 
'64 



3" 



47" 



64 



25 



4-K 



32 



Iff" 



29' 



52 



In problems 14 through 17, multiply the following fractions as indicated 
below and reduce to simplest terms. 



17 1 4 6 
14. 3X5X7= 



a. -r 



15. l| x 2^ x 2x B 



8 



23 
32 



_8_ 
35 



b. 



25 
32 



24 
35 



55 
64 



d. 



7_ 
12 



45 
64 



16. 



4 6 1 
3 x 5 x i g 



17. 



J, 3 2 
2 7 X 4 X 9 



^8 



c. l| 



c. !i 



d. 2j 



d. 



14 



erJc 
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In problems 18 through 21, divide the fractions as indicated and reduce to 
th? simplest terms ♦ 



18. 


/ % 

3 ~ 


3 
4 


19. 


4 


^ 1 = 
* 3 




a. 


21 
32 




a. 


4 






4 


■ 


b. 


4 




c. 


6 




c . 


4 




d. 


4 




d. 


4 


20. 


2^ 


♦4- 


21. 


4 


A 

+ 5 = 




a. 


4 




a. 


7 




b. 


. 5 
^29 




b. 


4£ 




c. 


25 
42 




c. 






d. 


.1 
X 6 




d. 


4 



OH 

22, You are required to make 22 pieces of pipe, each — long. If you allow 
1" 

— for waste for each one of the 22 pieces, how lorg a piece of pipe 

stock is needed for the 22 pieces? 

7" 

Pipe stock length equals: a. I6g 

b. 17| 

c. 29^- 



9 



9 



ERIC 



3-13 



5 of 12 



5" 

23» If you assume no waste, what is the greatest number of — pieces you can 
make from a 12V 1 length of bar stock? Look at the sketch below. 




L_ 5" 






1 ■ 


16 


r is i 


i i6 


2. 



Number of pieces equals: 
a. 4 b. 40 



c. 20 



d. 14 



In problems 24 through 27, add and subtract the decimal numbers as indicated 
below: 



24. 0.4615 - 7.32 - 4.325 = 

a. 2.-515 

b. 12.1065 

c. 3.4565 

d. 7.61 

26- 6.3 + 0.452 + 8.623 - 10.5001 = 

a. 13.2751 

b. 4.8749 

c. 25.8751 

d. 3.9709 



25. 5.671 - 2.3 - 0.0421 = 

a. 3.3289 

b. 7.9289 ' 

c. 3.4131 

d. 8.0131 

27. 4.1 t- 0.322 - 2.6 - 0.315 = 
aT 1.507 

b. 7.337 

c. 1.328 

d. 1.7905 



28. The following cost items have been listed for a certain job: materials, 
$157.24; grinding, $175.56; Machining and polishing, $452.75; painting, 
$145.40;" and profit, $275.00. How much do you charge the customer? 



Customer's charge equals: a. $1030.39 

c. $1048.71 



b. $1205.95 
d. $ 753.20 



9 
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29. You have the following information about 4 pieces of sheet metal: Their 

total weight is 100.76 pounds. One sheet weighs 42.67 pounds, another 

sheet weighs 20.42 pounds, and the third sheet weighs 11.86 pounds. How 

much does the fourth sheet weigh? 



The 4th sheet weighs: a. 15.85 lbs 

c. 37.67 lbs 



b. 68.48 lbs 



d. 25.81 lbs 



In problems 30 through 32, look at the s^'tch below and find the demensions 
A* B, and C. 

30. Dimension A equals: 

a. 1.531" 

b. 1.26" 

c. 1.802" 

d. 0.572" 

31. Dimension B equals: 

a. 5.964" 

b. 2.715" 

c. 5.404" 

d. 1.319" 

32. Dimension C equals: 

a. 3.911" 

b. 1.434" 

c. 3.503" 

d. 0.254" 




Work problems 33 through 36 the long way without a calculator. Multiply or 
divide the decimal expressions as indicated. 



33. 3.76 x 5.32 = 

a. 20.0032 

b. 16.9822 

c. 16.7932 

d. 19.0032 



34. 0.521 x 2.24 = 

a. 1.16704 

b. 1.15604 

c. 1.06704 

d. 1.04704 
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35. 69.6 * A. 35 = 36. 63.45 + 4.23 = 

a. 16.5 a , !5 0 

b. 1.65 b. 0.15 

c. 1.6 c. 15 



d. 16 



d. 1.5 



37. A -rectangular piece of sheet metal measures 2.62" wide by 4.51" long. 
What is the area? Remember, the area is equal to the length times the 
width. 

Area to the nearest hundredth of an inch equals: 

a. 118.16 sq in c. 11.81 sq in 

b. 11.8*6 sq in d. 11.82 sq in 

38. You have measured a circular casting five times to get an average diameter. 
The readings you made were: 1.312", 1.311", 1.319", 1.320" and 1.315". 
/•'hat is the average diameter of the casting to the nearest thousandth of 
an inch? 

Average diameter to the nearest 1000th of an inch equals: 

a. 1.215" b. 1.315" c . 0.99" d. 1.052" 



39. If you charge $3.55 for a welded bracket, how many brackets can a 
customer buy for $78.10? 

Number of brackets equals: 

a - 22 b. 23 c. 21 d . 20 

Work problems 40 through 44 the long way without a calculator. Change the 

following fractions to decimal numbers. Round to the nearest 1000th. 

2 

A0 - I3 = a< 1,54 b * °' 159 c - °- 15A d- 0.015 

A1 - if " a- °-284 b. 2.945 c. 0.294 d. 0.029 
375 

A2 - Jooo - a- 0.038 b. 0.375 c. 0.033 d. 0.004 

A3 - Ji " a. 0.221 b. 0.024 c . 0.236 d. 0.021 

44. « a. 0.619 b. 6.198 c. 0.0o2 d. 0.620 
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In problems 45 through 49, look at the sketch below and find the dimensions 
A, B, C, D, and E in decimal form to the nearest thousandth of an inch. 



ISIS 




^mr: CKcnac all -fraction* +*. 4-neir d*«mal frm 
bc-ror* adding or sub-rraeh no, . 



1.442' 



45. Dimension A equals: 

a. 1.313" 

b. 0.874" 

c. 1.438" 

d. 1.000" 



46. Dimension B equals: 

a. 1.101" 

b. 1.986" 

c. 1.201" 

d. 1.888" 



47 '. Dimension C equals: 

a. 1.080" 

b. 2.205" 
c 0.221" 
d. 0.108" 



U8. Dimension D equals: 

a. 0.875" 

b. 0.413* 

c. 0-038" 

d. 1.5" 



49. Dimension E equals: 

a. 0.108" 

b. 0.878" 

c. 0.305" 

d. 0.816" 



33 



9 
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In problem's 50 through 52, change the decimals to fractions as indicated: 

50. Change 0.0/462" to the nearest 32nd inch: 

a ' 8 b " 32 c " 32 d ' 16 

51. Change 0.543" to the nearest 64th inch: 



a . 



1" 35" 33" J 9" 

8 b * 64 c - 64 d - I? 



52. Change 0.925" to the nearest 16th inch: 

16 b> 16 c - 16 d - 8 

In problems 53 through 55, look at the sketch below and change the decimal 
dimensions (width, length and hole diameter) to the nearest 64th of an inch, 




53. Width v equals 54. Length L equals: 55. Diamerer d equals, 





a. 


2^ 
Z 64 


a. 


19 
64 




b. 


2^ 
64 


b. 


20 
64 


<• * 


c. 


2^ 
64 


c. 


17 
64 




d. 


2^ 
Z 64 


d. 


18 
64 



34 
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Use the following conversion factors to work problems 56 through 62. 



When you know 


You can find 


If you multiply 


inches, in. 


millimeters, mm 


25.40 


inches, in. 


centimeters, cm 


2.54 


feet, ft. 


meters, m 


0.3048 


miles, mi . 


kilometers, km 


1.6093 


millimeters, mm 


inches, in. 


0.03937 


centimeters, cm 


inches, in. 


0.3937 


meters, m 


feet, ft. 


3.2808 


kilometers, km 


miles, mi. 


0.6214 


square inches, in. 


square centimeters, cm 2 


6.452 


square feet, ft.* 


square meters, m z 


0.093 


square centimeters, cm z 


square inches, in.*" 


0.155 


square meters, m z 


square feet, ft. Z 


10.754 


cubic inches, in. 5 


cubic centimeters, cm 5 


16.387 


cubic feet, ft. 5 


liters, t 


28.317 


gallons, gal . 


liters, Ji 


3.785 


cubic centimeters, cm* 


cubic inches, in. 5 


0.061 


liters, a 


cubic feet, ft. 


0.035 


liters, JL 


gallons, gal . 


0.264 


pounds, lb. 


kilograms, kg 


0.454 


ounces, oz. 


grams, g 


28.350 


kilograms, kg 


pounds, lbs. 


2.205 


grams, g 


ounces, oz. 


0.0353 



35 
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56. If 



f you'are traveling a: 82 kilometers per hour, are you exceeding the 55 
mile per' hour ^speed limit? 



a. Yes 



b. No 



In problems 57 and 58, look at the sketch below and find the total surface 
area of the rectangular block in square centimeters and its volume in cubic 
centimeters . 




HINT: The total surface area 
is the sum of the areas 
of the 6 faces of the 
rectangular block. 



57. The total surface area equals: 

a. ^12.89 sq cr^ 

b. 3793.78 sq cm 

c. 583 sq cm 

d. 2890.5 sq cm 



58. The volume equals: 
a . 1 1 20 cu cm 

b . 11^7.1 cu cm 

c. 18353.44 cu cm 

d. 7226.24 cu cm 



59. If a ton equals 2000 pounds, how man^ kilograms are there in a ton? 
£. 4410 kg 

b. 70.6 kg 

c. 1000 kg 

d. 908 kg 



36 
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Using the ^sketch below, for problems 60 and 61, change the length and width 
dimensions and their tolerances to millimeters. Round to the "nearest hundredth 
of a millimeter. 

60. Length dimension equals: 

a. 317.627 £ 0.005mm 

b. 317. 5,± 0.13mm 

c. 31.75 * 0.0127mm 
V d. 216.5 ± .13mm H 1M*&00E'--*| 

61. Width dimension equals: 

a. 114.3 ± 1.91mm 

b. 113.1 - 0.19mm 

c. 11.43 i 0.19mm 

d. 116.2 1 1.91mm 

61. If your car gets 9.35 kilometers per liter, how many miles per gallon 
does it get? 

a. 5.8 mpg b. 25 mpg c. 35.4 rrpg d. 22 mpg 

For problems 63 and 64, fine the circumference in centimeters and the area in 
square centimeters of the circle shown in the sketch below. Remember, the 
circumference of a circle equals TT times the diameter, where Tf = 3.14, and 
the area equals 1T times the radius squared, and 1T still equals 3.14. 

63. Circumference equals: 64, Area equals: 

a. 324.13 cu cm 

b. 63.80 cu cm 

c . 50. 24 cu cm 
d. 63.80 cm d. 200.96 cu cm 



4.^0.075" 
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' SHOP MATH FOR METAL TRADES : PRETEST 

Part 2 

1. Simplify the algebraic expressions given below by combining like terms. 



q. i4c 2 +6c , '= ' 

C. 8 Q b*- 3cb - 5ob z + 6cL> = _ 
d. 3* +4Y-* +zy+ 3x-3y => 



2. Simplify the algebraic expressions given below by removing parentheses 
and combining like terms. 



b. 3 - + 4) + (12X-2) = 

c. (<+y)t(x-y)-fv-Y) s 

d. $*-(p z + s*)-(2p^-4s l ) = 



3. Simplify the algebraic expressions b iven below by multiplying as indicaz. * 
to remove parentheses and then combining like terns. 

d. 4(a-b) +5(2a-&b)- 



A. Simplify the algebraic expressions given below by multiplying conanon 
terms to remove parentheses and then combine like terms. 



C 3Y*(3**)(3x x Y z ) s 

d. (-2a*b*Xfl*-b*) * 



5. Simplify the algebraic expressions given below by using the rule of 

z m . n m+n m . n m-n s 
exponents (x + x = x j x + x = x ) 



a. (x*Y 5 )(X*Y 4 )* , 

b. (%»Y*)*(**Y*)« 

c (a»b*)(a*b*) = 

d. (Y*w*)-KV*w 2 ) = 

trv o oo 38 
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6. Solve the following equations by transposiny and isolating the unknown 
letter. 



b. 4« + 3(a+3) -23 , a* 

d. 6vsr + 2 (8-w) «■ lo - Zw, \*f a 



7. Use the formula shown below to find the volume V. 



r ~ radius, 



8. Use the formula shown below to find the weight W. 

W~ bH (AS-TTR*) t . chamber, £4- mm TT«. 3.14* 

,3.£»7 4 = KfctjjJvr t 60mm R« radius, 6.Z5mm 

A » Hwm 3.67= coni+drrr number 

9. Use the formula shown below to find the length L. 

L = 4-* + 3y + T + 6.34 In , X "= dimfcwSion, 12." 

* Ys dimension , |V 

h - 8" 

10. Use the formula shown below to find the chord length L. 



I = £V2RH-W X } R- radius, 7.5" 

ERjC Un 5 +U L = 39 

' JBmsaa 3.23 
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11. Use the formula shown below to find the radius r. 



W*(o.0(±Tr 3 ), W- 25 
K * IT' 3.14 



12. Use the formula shown below to find the dimension a. 

A = TTr a - ab } A- area, 168 i<) mm 
T 3 3.14 

T = radius, Z5mm 
b s dimension, 20 mm 

dimension a =• 



13. If the cross sectional area of a square heating duct must be 75 square 
inches, what is the length of one side cf the duct? 

Length of side 



14. Translate the following English sentence into an algebraic equation: 

"The horsepower required to overcome vehicle air-— resistance is equal to 
the cube of the vehicle speed in MPH times ^fcfie frontal area of the 
vehicle divided by 150,000." ^ 

Algebraic equation: 



15. Translate the following English Sentence into an algebraic equation: 

"The engine speed is equal to 168 times the overall gear reduction 
multiplied by the speed in MPH and divided by the radius of the tire." 

Albegraic equation: 



16. Solve the. following problem involving two equations and two unknowns. 

A 16" piece of stock is to be cut into two pieces. The long piece is to 
be three times the length of the short piece. What are the lengths of 
the two pieces? 

Long piece Short piece 
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17. If the gear ratio of a set of gears is 6:1 and the larger gear has 36 
teeth pn it, how many teeth does the smaller gear have? 

Number of teeth 

18. In the sketch below the two figures are similar. What is the distance H? 




. 1Z" m 

Distance E 



19. If a metal worker can produce 83 doojiggers in 1 hour and 15 minutes, 
how many can he or she produce in 6 hours ? 

Number of doojiggers 

20t Pressure is inversely proportional to volume if the temperature remains 
the same. When the volume in a pressure chamber is 300 cubic inches, 
the pressure is 120 pounds per 9quare inch. If the temperature stays 
the same and the volume is decreased to 175 cubic inches, what does 
the new pressure equal? 

'Pressure 

21. The speed of a gear is inversely proportional to the number of teeth 
on the gear. In the sketch below, how fast is gear B turning? 

RPM of Gear B 
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The speed^of a pulley wheel is inversely proportional to its diameter. 
In the sketch below, what is the diameter D of pulley wheel A? 

Diameter of pulley wheel A 




The forces and lever arm distances for a lever are inversely proportional. 
In the sketch below, find the amount of force, F , applied to the 
weight, W. w 

Force on weight W 




If six gallons of paint will cover 288 square feet of surface, how many 
gallons does it take to paint 1296 square feet of surface? 

Gallons of paint required 

Two people own a business. Tom owns 3 times more of the business than 
Bill. If the business is worth $12,400, how much does Bill own? How 
much does Tom own? 

Bill's share ^ Tom's share 
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Solve the systems of equations given below. First multiply one equation or 
both equations by appropriate constant numbers, then add or subtract the 
equations to eliminate one or the other jb£ the unknowns, and finally, solve 
for the unknowns <► 

© 3)(-2Y^-M ] 
Problem li. © -X-ZY = \ \ x = V- 



ERiC 



27. © -X-ZY = \ \ 
® ~2* + 5Y = -13 J 



Prohtem 28. ©^<ks-3r = -2 j S~ 

© 3S^2r*r7 



29. The total value of an order of nuts and bolts is $7.30. The nuts cost 
10 cents each and the bolts cost 15 cents each. The number of nuts is 
3 more than twice the number of bolts. How many of each are there? 



Bute Bol 



"30. The perimeter of a sheet of metal is 72 inches. The length of the sheet 
is 12 inches more than twice the width. Find the dimensions of the 
sheet. 

Width Length 



31. A person buys 10 identical shims and 5 identical brackets for $8.75. 

Another person buys 5 of the shims and 10 of the brackets for $10.75. 

How much does a shim cost and how much does a bracket cost? 

Shin cost Bracket cost 



32. A two foot piece of pipe is to be cut into 2 pieces. The length of the 

long piece is A inches less than 3 times the length of the short piece. 

Find the lengths of the two pieces. 

Long piece Short piece . 



43 
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\ 

Solve the following quadratic equations by first putting them in the standard 
form, ax + bx + o - 0, where a, i, and o are numbers, and then use the 
quadratic equation to solve for the unknown letter. 



G}uodra\r\c 


6<^u <s4- 


$+cmdard 


•form : 


Pr»b It? m 




Problern 




Problem 


55. 



2a 



SS -r iZ. = ZS" 



36. You are given a right triangle with rhe dimensions shown in the 
sketch below. You are to lay out a similar right triangle with 
dimensions h (height) and b (base) such that it will have an area 
twice that of the given right triangle. Find the dimensions h and h, 

h b 
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SHOP MATH FOR METAL TRADES: PRETEST 
PART 2 (Computerized) 

Choose the best answer for each problem. 

In problem 1 through 4, simplify the algebraic expression by removing paren- 
theses and then combining like terms. 8 P 



b. ' -X-4 b . y 

3. Cx + Y) + (y-.y)-(x-V)= 4 $ x -(p*Vs*)-(zp*+4s*): 
b - b. 4S*~ b* 



In Problems 5 through 8, simplify each algebraic expression by multiplying 
as indicated to remove parentheses and then by combining like terms. 



5. 5<Ar*)-2(x*-Y 2 )= L Z(Z*-\) ~3(z*-z)«> 

b. tf'-f5Y* b . -8 

c. Y* c 

d. 4V* d . 4. 

q. JO-14-b q< -i a) <4. lo 

b. 10a~ZZb t>. -13X-7 

C. Sa-i5b C. -IV + 2. 

d. toq-7b d. -I3X-2L 
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In problems 9 and 10, simplify the algebraic expressions by multiplying terms 
to remove parentheses and then by combining like terms. * 

a. Z7**V* q. -^b 5 * lZa s^ 

d - ^ 4 d. -6s*b a +!Za*b* 

In problems 11 through 14, use the rules of exponents ()(*• = )£ • 

1 1. (**Y 4 )*(xV*)- iz. (flV*XaVO = 



\ 



«• -c + d*c 5 



b. m 5 s 4 -r 5 s c 

c. r 4 S 4 -r 5 s 5 
4 r*5 4 -r 4 "S fe 



d. c+d x c* 



ERIC 



In problems 15 through 18, solve the equations by transposing and solving for 
the unknown letter. 

a • * ~ 5 q. w = -l 

b- # ~ -i ~ b. W = S 

C - X = S C. W = 2 

4. X*-3 d. W = I 

17. -(a-3)«2a-G IB. 5(M-M-}«£4-M 

a. o- 1 0. m = i& 

b. Qs5 46 b. M = 3 

c. a--S c. M - 3 

d. d. M - 5 

3-30 
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19. Use the formula given Helow to find the volume V. 

V«Tr x Vi, tt-5.14 3 r« radius, €>" > K-KmjM-, 4.s M 

Thfe Volume \/ fequols : q. 8478 cum 

b. <5b8.68 cu in 
C. t&22 Cum 
d. 1 1 3.04- cum 

20. Use the formula given below to find the weight W. 

W* DH(A&-TTR X ) ; J)^4»«; M-tommj ft = 6. 25 

A~iz»n). B=20irnn; 1T-.5.J4 

WaijM- W 6quoU : q. 34 5", 547 

c. 34, 155 

d. -46, 045 cjr\Qm6 

21. Use the formula given below to find the length L. 

L= -4* 4 3Y+X + ^.34Yi, X • iz H 5 Y* i^.* 1 . 

Leng-Mi L fcquqls: a. 155.59" 

b. fos.oi " 

C 141.05" 

d. 365.05" 

22. Use the formula shown below to find the chord length L. 

L= zV2RH-rt*, R-7.5",- M« 5.33" 

Chord |fen^4-U Lfe^yafs: q. €>. 6,7 " 

b. 43.29" 
C 12.47" 
d. 88.25" 

o 47 
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23. Use the formula shown below to find the radios r. 



3 O.I - Consfonf number j r« radius 

Odditis r equals*, a. 3.91 " 

b. 7 75 M 

c. 2.44" 
d 2.0O" 

2-. Use the formula below to find the dimension a- 

A = TTr X - ab ; A = f 68 sq_ mm • r* 25rr»m 

TT» 3.14- ) b = 20 mm 

X>imfcn*»on 0 equals: 0. 0.004 mm 

b. 0.086 mm 
C. 89.73 »m 
d. 4.4S hum 

25. If the cross sectional area of a square heating duct muse be 75 square 
inches, what is the dimension of the side of the duct? 

bimfeniion o£ 4-ht ducV sidfc equals: a. 8.66. " 

b. 12.55" 
C 5".£»£»" 
d. 75" 

26. Tr^nslace the following English sentence into an algebraic equation: 

"The engine speed is equal to 168 times the overall gear reduction multi- 
plied by the speed ir. MPH and divided by the radius of the tire. H 

0. E = IG8 G 



ERIC 



Sr 

b. Et IfeSGS 
r 

C. E: 1 68 
Gsr 

d. e » ifeBr 
&S 
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27» Solve the following problem which includes two equations an »"wo unknowns: 

A 16" piece of bar stock is to be cut into two pieces. The length of the 
long piece is to be 2 inches mors than 3 times the length of the short 
\ piece* What are the lengths of the two pieces? 



d. long piece* 14-' 1 , sK©r4- pifccfe ~ 2* 

b- long picct-lS", 6bt*4 piecfc- 2 M 

C. long pi*cfc*: ^kor+ pi*c*r ~ 3-5° 

d. long pieces (1.5 f, ; ^Uor4 pl6C£c4.5 ,, 



28, In the sketch below, if the two cylinders are similar, what is the 
height H of the larger cylinder? 




12" 



T 

H 




M equals: 
q. -4 " 
b. 20.57" 
C. 7" 
d. v5-.2S H 



29. Pressure is inversely proportional to volume if the temperature remains 
the same. When the volume in a pressure chamber is 300 cubic inches, the 
pressure is 120 pounds per square inch. If the temperature remains the 
same and the volume is decreased to 175 cubic inches, what does the new 
pressure equal? 



a. ZoS.ll psi 

b. 457. 5> psi 
C. 70 psi 
d. '75 psi 



0 
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30. The speed of a gear is inversely proportional to the number of teeth on 
the gear. In the sketch below, how fast is gear B turning? 



31, 



32. 




Gear & spcsd equal*-, 
q. loo RPM 
b. lt>oo 
C. G25 RPM 
d. 750 RPM 



The speed of a pullty wheel is invers proportional to its diamte: 
the sketch below, what is the diameter 0 of the large pulley wheel? 




a 2s " 

b. ^<S».2S" 

c. -40 " 

d. 60.25" 



In 



If 6 gallons of paint will cover 2880 square feet of surface, how many 
gallons of paint w.ll it take cover 12,960 square feet of surface? 



a. 45 <jols 

b. gals 
C. ZfO gals 

a. z-f go Is 



33. Two people own a business. Luana owrs 4 times more of the business than 
Alice. If the total ousiness is worth $125,000; how much each do Luana 
and Alice own? 



C. Luanq - ^7$,ooo • Alice - ^5o.ooa 

b. Luana- *87,5oo ; Alice- ■* 57,5c© 

coo- A\icfr- f 25 ccc 

cJ. Luona- ^^tfooj Alice- $3Z,Sc0 




50 

3-34 



7 of 8 



In problems 34 through 36, solve the systems of two equations and two un- 
knowns. First multiply one equation or both equations by appropriate constant 
numbers. Then add or subtract the equations to eliminate one of the unknown 
letters. Finally, solve for the unknown. 

® iX - Zy '-* ®-*+3*-» ®+ S -f p J_ z 

5 » Y * 1 b. S= -3, p = 8 

1 C. 8-1. p.* 



Q 


% = 








q. 


b. 


X = 








b. 


c. 


i = 


2; 


r- 


-4 


c. 


d. 


x - 


- 2 , 






d. 



d. S- 5. 



p.-: 



37. The total value of an order of nuts and boits is $7.30. The nuts cost 10 
cents each and the bolts cost 15 cents each. The number of nuts is 3 
more than twice the number of bolts. How many of each are there? 

Number of KJufs and feoJls equals.- 



a. 


Nlufs = 


33 , 




15" 


b. 


M uf S = 






20 


c. 


Nluf 5 - 




Bolls = 


25 


d. 


Muh = 






26 



38. The pcrmcter of a sheet of metal is 72 inches. The length of the sheet 
is 12 incr.es mere than twice 'the width. Find the area of the sheet. 

Arfea of Ihe melal $hee4 fccjucrl s-. 

<3 • ^rca « ZBQ> scj in 



&9 



Areo - 224- $ q ,„ 



d. Areo = 



in 
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39. A three foot piece of pipe is to be cut into two pieces. The length of 
the long piece is U inches less than 3 times the length of the short 
piece. What are the lengths of the two pieces of pipe 9 

L<=Lng-fnS o£ long p.ec* Qnd Snor-r p.€Cfe fcqual : 

0. Long p.feCfe . Zo \ shor* p )€ C6 = jfe" 

b. Lon a piect - 26> " ? «Jic>r4 piect = to" 

c Long pifccfc - 22", shor-f piecfc - i4" 

d. Long piece r 28" ; Snor4 pitcfe » 6" 



8 of 8 



In problems 40 through 42, solve the quadratic equations by first putting 
them in the standard form, ax z + bx + a = 0, where a, b , and a are numbers, 
and then use the quadratic eq"<ation to solve for the unknown letter. 



Quadra-hc Equation: y *= — b-±J b x -4ac 
40. Zx 2 +80=26* 41. 20 4 S (5-s) = S*-3S 42. vj(w+?) =©(w+8)-5w 

a. < c 8. s a- s * -s, z q. w = 8, ~8 

b. * s -8,5 b. S « S, -2 b. 16,-16 
C. y-'8 ( -5 C. S--5T, -2 C. W= 8,8 
d. ^«-8, -S d. 5=5, 2 d. W- 16,-4 



43. You are given a right triangle with the dimensions given in the sketch 
below. You are to lay out a similar right triangle with dimensions h 
and b such that it will have an area three times that of the given 
right triangle. Find the dimensions h and b. 
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SHOP MATH FOR METAL TRADES: PRETEST 

PART 3 

Work the problems and write the correct answers in the blanks. 
1. In the sketch below, find angles a, b } e, d 3 e, f 3 and g. 




4 b* 

4 d = 



4 € 

A 3 



2. In the sketch below, find angle A. 



SS*SS'A4" 




i^GZ'Sl" 



3. Find the area and the perimeter of the rectangle shown in the sketch below. 

FT 




Pertme-Ur equals da^anc^ 
Qround +Vj£ -figure. 
Ar&a bc^xa\s 4Kt ba6<£: \-imes 
4hfe hei^M-. 



-. 1: the area of a square is 16<* square inches, what is the length f its 



ERIC 



Length of side 
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5. In the sketch below, find the area of the parallelogram. 



h«8' 



IS' 




^r*o of o parallelogram 
equals baits x n*»q 

Area of parallelogram » 



6. The formula for the area of a trapezoid is given in the sketch below. Find 
the area and the perimeter of the trapezoid. 




Yjk*rc» b t and b^ ar^ -Wife 4-op 
and bc^Vom b^565 On d W 

Art a o*t ^6 -trapezoid =, l_ 



7. The line that is the height of an isosceles triangle is perpendicular to, 
and bisects the base of the triangle. Find the area of the -isosceles tri- 
angle shown in the sketch below. 

Hint: First find the height of the triangle by using the Pythagorean Theorem 
and then use the formula: 



Area = 



_ base times height 
2 




fy'Hia^rfton Theorem: 

Sum of -Wife squares o-f 4t>e crttifir 
4wo sides. 5<ifc below 



9 
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In the sketch below, find the length of the ladder 'required for 
climb a wall that has a trench in front of it. 






4 of 9 



11. Find the area of the triangle shown in the sketch below by using Hero's 
Formula. 




ic cm 



l-jcro's For mulq: 

Area « Vs (S-aXS-b}(S-<5 , 

Wh*re S» a + b+c ; ond 
2. 

a,h> t and o ore Sides 
cfr +he 4-nangie. 



12. Find the area of the geometric figure shown in the sketch below. 



I 3" 




- 







T 

4-" 




Ar«a erf reclangi* = A-b, *>W*rs a and b 
4re -Hit sidos. 

Areo of a -hrjancjU - jb.h j w^trfr b is+be bos* 
and h jS kerjhf. z 

i\rtc o$ 0+rapsz.oid - (b, + b^) b wher* b f an<J 

2 

b^ are 4Ke lop end bc7*k>*o ba6£s and W cs 



13. Find tne area of the geometric figure shown below. 




ERLC 



f Area o\ -fnqnqU = bJK ; v*b*r* b 

2 * 

ISrom 

Gquals-M^ btfse and h equal* 

cJt 4he -figure = 

St; 
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14. Find the area of the geometric figure shown below. 




2- 

Arts o-Po Inongk = b-K 

2. 

Area of fkfc -Pi^ure . _ 



15. Find the radius R of the circle with center at point P as shown in the 
sketch below. 



— V 




^ ! ^ 








— 4'— 


-A 

- 8" 




3 








- 





Hm T : Usfe fht 
Py^Hsigorfean Theorem 

Radius R.= 



16. Find the side s, the perimeter r, and the area A of the regular pentagon 
shown in the sketch below. Remember, the perimeter equals the distance 
around the figure. Also remember that in a regular pentagon all five 
side? are equal. 



9 
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17. Given a circle with a diameter of 16.7 inches, find the circumference and 
the area. Let TT = 3.14. 



Circumference 



Area 



18. What is the length of a piece of ornamental iron needed to make the 
design shown in the sketch below? Let = 3*14. 



The nu#4;r(ii ayu* 
line. AB> 




Hint: Find the total 
length along the neutral 
axis. The » neutral axis is 
the center line of the 
ornamental iron. 

Length 



19. In the sketch below, find angles a, b y and c. Lines AB and AC are tangent 
to the circle at points D and E. Lines PD and PE are radii of the circle. 




4 a . 



20. Find the volume of the rectangular right 
prism shown in the sketch at the right. 

The volume of a right prism equals 
the cross-sectional area of the 
prism times the height of the pri«;m. 

Volume 




9 
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Find the lateral surlace area, total surface area, and volume of the cone 
shown in the sketch below. 



Lateral surface area 



Total surface area 



Volume 




loffcrai Surface Area = TTrs , TT"*3.t<* 

"fcJ-sl surface Area =irrs -firr 2 - 

Volume = j_7rr*h 
3 

Find the surface area, total surface area, and volume of the pyrar H 
shown in the sketch below. 



Surface area 



Total surface area 



Volume 



Surface area = area of the sides 

Total surface area = area of the sides plus area of the base 
Volume = ~ (height times area of base) 
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Find the total surface area and the volume of the composite sh^pe shown 
below. 

Hint; Remember the total surface area is the total outer surface area. 
Also, use the Pythagorean Theorem to find the slant height . 

Total surface area Volume 




Sur-foce area Q cone = IT * radius * s}an4- V>*i<jM* 
Sur-f^cfc area o-f* a cylinder * 2ir x radium * V><H<jWf 
Volumfe of a cone J_tt x rodius squared x heigyvf 

Kr&a of- -fta ha66 o£ cylinder* 7T » ra£\a£ Sqi\ar&4 
Vol um& c£ a cyltnd&f ir * radius squared x kei^M" 



Find the volume of the conic f rust rum shown ir- the sketch below. 

Volume 

\ 
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. Find the volume of che frustrum of a pyramid as shown in the sketch below. 




{«■ L, * 12.* ^Xf 



26. In the sketch below, line AB is the diameter of a circle with center at 
point P. Lines PC and PD are radii of the circle. Find angles a and r. 




angle a 
angle b 
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SHOP MATH FOR METAL TRADES: PRETEST 
PART 3 (COMPUTERIZED) 

Choose the best answer for each of the following problems. 

In problems 1 through 7, look at the sketch shown below and find angles 




3. Angle c equals; 

a. 12* 

b. 88* 

c. 102° 

d. 78° 

6 . Angle f equals : 

a. 12 * 

b. 102° 



-in O 
c . IO 



d. 88* 



1 . Angle a equals : 

a. 102° 

b. 78" 

c. 88' 

d. 12° 

4. Angle d equals: 

a. 78* 

b. 88* 

c. 12* 

d. 102* 

7 . Angle g equals : 

a. 12' 

b. 88" 

c. 102° 

d. 78* 



2. Angle b equal 

a. 12° 

b. 102* 

c. 78° 

d. 88° 

5. Angle e equal 

a. 102* 

b. 78" 

c. 88° 

d. 12* 



8. In the sketch below, find angle A. Angle A equals; 




a. 75 21' 23" 

b. 74* 21' 23" 

c. 76* 23" 23" 

d. 75* 23' 23" 



tr^ 
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In problems 9 and 10, look at the sketch below and find th* perimeter and the area 
of the rectangle. 




Perimeter equals 4-We dxs^onct? 

around 4Vifc -figure. 

Area 



9. The perimeter equals: 

a. 20.6 in 

b. 18 in 

c. 21.6 in 

d. 25.2 in 



10. The area equals: 

a. 27.1 sq in 

b. 29.25 sq in 

c. 28.35 sq in 

d. 21.6 sq in 



11. If the area of a square is 169 square inches, what is the length of its side? 

a. 16 in c. 42.25 in 

b. 21.25 in d. 13 in 



In problems 12 and 13, find the perimeter and area of the parallelogram shown in 
the sketch below. 



is' 




A{*a of a parallelogram 
fcqjuqis bote x hc-icjhV 



12. The perimeter equals: 13. The area equals: 

a. 34 ft a. 120 sq ft 

b. 46 ft b. 135 sq ft 

c. 48 ft c. 72 sq ft 

d. 47 ft d. 225 sq ft 

63 
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In problems 14 and 15, find the perimeter and area of the trapezoid shown in the 
sketch below. 

■ 7 cm H 

\\ Ar*fl of o Vraptzotcj « (b, + k 2 ) , 
h - 5". I cm \ 6.7cm 2. 

\\ vwkfcrc* t>, <md b a ar* -Wife lop 

— Qnd be+Vom b^46s and K is 



15 cm 



14. The perimeter equals: 

a. 36.2 cm 

b. 32.7 cm 

c. 24 ? cm 

d. 30.2 cm 



15. The area equa)s: 

a. 102 sq cm 

b. 40 sq cm 

c. 5J sq cm 

d. 67 sq cm 



16. The line that is the height of an isosce?es triangle is perpendicular to, and 
bisects th(i base of the triangle. Find rhe area of the isosceles triangle 
shown in the sketch below. 

Hint: First find the height of the triangle by using the Pythagorean Theorem 
and then use the formula: 

Area = base times height ^ 




a. 158.39 sq in 

b. 79.19 sq In 

c. 126 sq in 

d. 116.08 sq in 



Tb 
TU 

Sum of 44ife &cjua<66 of 4^ cfUer 
•fwo sides. 5fi»fe bfelow 



K 
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. In the sketch below find the length of the ladder required for you to climb 
a wail that has a trench in front of it. 



The length of the ladder equals: 

a. 19 ft 

b. 13.89 ft 

c. 11.70 ft 

d. 14.37 ft 

18. What is the missing dimension X in the sketch of the taper punch shown 
below? 





1 



0.14" 




The dimension X equals: 



a. 2.2 




b. 2.7 



c. 2.85 



d. 1.5" 

ERIC 
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In problems 19 through 21, find the areas of the triangles shown in tie sketch 
below. You may need to uso the Pythagorean Theorem to find the height. 



rVob. IS. 




19. The area equals: 

a. 12 sq in 

b. 42 sq in 

c. 28 sq in 

d. 24 sq in 



>rob. 2o. 




20. The aiea equals; 

a. 39 sq ft 

b. 35.7 sq ft 
c 2P sq ft 
d. 25 sq ft 



21 . The area equals : 

a. 70 sq in 

b. 30 sq in 

c. 50 sq in 

d. 42 sq in 



22. Find the area of the triangle shown in the sketch below by ui-ing Hero's For- 
mula. 



t-jfcro's Formula: 

Area = /£ (s-a)(S-bXs-c^ f 
Where S« o + b+c , and 

°, b, qnd c are 4Kc sides 
of 4-he iriangle. 




io cm 

The area of the triangle equals: 

a. 34.20 sq cm 

b. 396.2 sq cm 

c. 76.25 sq cm 

d. 42.5 sq cm 



9 
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23. Find the area of the geometric figure shown in the sketch below. 




Arca of rec+angU =• a-fe, *>k*r* a and b 
art 4he sides. 

Area o£ a Wiany\6 * b.h s vwiter* b is+he bosfc 
and k is kei^hf. ^ 

z 

b r Art 4Ue lop and bcMom bases and K is fk* 



The area equals: 

a. 86 sq in 

b. 71.75 sq in 

c. 55.125 sq in 

d. 78.25 sq in 

24. Find the area of the geometric figure shown below. 




f Area o$ +nqnqU » b-h , wbtrfc b 

2 

Skoals Ut£ base flnd h equals -H^e 



The area equals: 

a. 320 sq mm 

b. 160 sq mm 



c . 80 sq mm 

d. 390 sq mm 



67 
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25. Find the area of the geometric figure shown below. 



• 




Area ot Q rfecVangie r fl-b 
Arfea or a Inan^U r b» K 



The area equals: 

a. 127.5 sq ft 

b. 105 sq ft 
c* 75.5 sq ft 
a. 63.5 sq ft 



26. Find the radius R of the circle with center at point P as shown in the sketch 
below. 




PyVhQ^orsan Theorem 



The radius R equals; 

a. 8 inches 

b. 2.5 inches 

c. 4 inches 

d. 6.125 inches 
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In problems 27 through 29, find the length of the sideS, the perimeter p , and 

the area A of the regular pentagon shown in the sketch below* Remember, the peri^ 

meter equals the distance around the figure* Also remember that in a regular pent- 
agon, all five sides are equal* 




27. Side S equals: 

a. 11 in 

b. 3.32 in 

c. 6.63 in 

d. 6 in 



28. Perimeter p equals*: 

a. 33.15 in 

b. 16.6 in 

c. 30 in 

d. 25 in 



29. Area A equals: 

a. 165-.75 sq in 

b. 75 sq in 

c. 150 sq in 

d. 82.875 sq in 



In problems 30 and 31, find the circumference and area of a circle with a diameter 
of 16.7 inches. Let IT equal 3.14. 



30. The circumference equals: 

a. 52.44 in 

b. 26.22 in 

c. 5*32 in 

d. 10.64 in 



3i. The area equals: 

a. 218.93 sq in 

b. 437.86 sq in 
c* 88.82 sq in 
d. 875.71 sq in 



9 of 14 

32. Whac is the length of a piece of ornarrental iron needed to make the design 
shown in the sketch below. Let TT =3.14 6 



The ncufrcl a*t$ -H^ 
do4+fcci line A&. 




Hint : Find the total 
length alons the neu- 
tral axis. The neu- 
tral axis is the 
center line of the 
ornamenta 1 iron . 

Length equals: 

a. 38.62 in 

b. 64.52 in 

c. 69.23 in 

d. 36.26 in 



In problems 33 through 35, use the sketch below to find angles * , S and C 
Lines AB and AC are tangent to the circle at points D and E. Lines PD and PE 
are radii of the circle. 




33. Angle a equals: 



34. Angle b equals; 



35. Angle C equals: 





a . 


90* 


a. 90° 


a. 


16* 


V 


b. 


72* 


b. 82" 


b. 


18* 




c . 


78* 


c. 72* 


c . 


20* 


• 


d. 


82* 


d. 78* 


d. 


22" 
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36. Find the volume of the rectangular right prism shown in the sketch at 
the right. 

Th«: volume of a right prism equa)s 
the cross-sectional area of the 
prism times the height of the 
prism. 

Volume equals v 

a. 96 cu in 

b. ^8 cu in 

c. 384 ci? in 

d. 192 cu in 




In problems 37 and 39, find the lateral surface area, total surface aiea, 
and volume of the cone shown in the sketch below. 



ERLC 




37. Lateral surface area equals; 

a. 263.76 sq in 

b. 188.4 sq in 

c. 150.72 sq in 

d. 251.2 sq in 
39. Volume equals : 

a. 3V6.8 cu in 

b. 1205.76 cu in 

c . 301 .44 cu in 

d. 401.92 cu in 



Loferal sur-Poce Area =TTrS i tt=3.i<v 

Tcr|-al surface J\rec =irrs +Trr z 

Volume ~ I Trr*h 
3 

reoro 

Theorem -to -finals. 

38. Tot a 1 surface aree equ<* Is : 

a. 640.56 s<J in 

b. 301.44 sq in 

c . 364. 24 sq in 

d. 263.76 sq in 



71 
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In problems LQ through 42, find the lateral surface area, total surface- area, 
end volume of the pyramid shown in the sketch below- 

Lateral surface area = area of the sides 

Total surface area = area of the sides plus area of the base 
Volume = i (height times area of base) 




40. Lateral surface 
area equals: 

a. 280 sq ft 

b. 297.4 sq ft 

c. 594.8 sq ft 

d. 560 sq ft 



41 . Total surface 
area equals : 

a. 397.4 sq ft 

b. 380 sq ft 

c. 660 <q ft 

d. 694.8 sq ft 



42. Volume equals: 

a. 495.67 cu ft 

b. 69'>.93 cu ft 

c. 466.67 cu ft 

d. 700 cu ft 



ERIC 
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In problems 43 and 44, find the total surface area and the volume of the 
composite shape shown below. 




Hints Remember the total surface area is the total outer surface area. 
Also, use the Pythagorean Theorem to find the slant height* 




Surface area c con€ - T * radius % s\artV V>**gM* 
$ur-kic& oroa o-f a csfUnd&f* * 2tt x rad«us> * h£ri<jW4- 
\fo\um& ^ confe rr ±jcr x p0 d i a & a r* d x hfctgV%t 

Ar^fi -fks i>^56 of cylinder* T * r$4tu£ ^Mored 
Volume ©-P a cyhnder » u * radius skjuorsc? x keu^f 



43. The surface area equals: 
a* 7662.86 sq mm 

b. 8604,86 sq mm 

c. 8918.86 sq mm 

d. 7976.86 sq mm 



44. The volume equals : 

a . 54 , 426. 67 cu mm 

b. 85,826-41 cu mm 

c. 186,306.60 cu mm 

d. 36,466.67 cu mm 



7~> 

4 \ / 
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45. Find the volume of the conic frustrum shown in the tketch below. 




where A,~-Trn*j A^irr^ 
and tt ft 3.Hf 



The volume equals: 



a. 46,890.6 cu in 

b. 2,930.67 cu in 

c. 11,722.67 cu in 

d . 732 . 67 cu in 



46. Find the volume of the frustrum of a pyramid as shown in the sketch bel 



ow. 




V = _lh (A, + A z + %/a,A 2 ) 

v/herfc A,bL,W, and At*l*W. 



The volume equals: 

a. 803 cu in 

b. 1,156.32 cu in 
c 2,890.8 cu in 
d. 963.6 cu in 



ERIC 
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In problems 47 and 48, find angle a and angle b as shown in the sketch be- 
low. Line AB is the diameter of a circle with center at point P. Lines PC 
and PD are radii of the circle. 




6. 



47. Angle O equals: 48. Angle b equals: 

a. 46* a. 46° 

b. 76° b. 34° 

c. 34" c. 44° 

d. 44" d. 56° 



* O 
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1. Change the following angles expressed in decimal form, to angles ex- 
pressed as degrees, minutes and seconds. 



b. |o8.2S° 
C. 28714° 



it 



2. Change the following angles expressed as degrees, minutes and seconds, 
to angles expressed in decimal form. Round your answers to two 
decimal places. 



• 



• / ft 

a. 51 Z6> 44 



b. lo8 57 37 



C !6°45 - 
d. 78° 15 46' 



3. In the sketch below, find the nissing angles a , I , c ,d, and e, and 
express them in "degrees and minutes. 



a 



' and 
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In the sketch beLow, find the missing dimensions R, D, and M. The 
circumference of the circle is equaL to 41.667". The center of the 
circle is point P. 



R 



1 r \ \ 












/ R 






/ \ 



Find the missing dimensions in the triangles shown below. 




4-5 





r- 
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6. Find the missing dimensions, * and y in the triangles shown below. 
Use the Pythagorean theorem and the fact that the sides of similar 
triangles are proportional. 




3-62 / 3 
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7. In the following triangles solve for x and y by using trigonometry 
functions. (Sin a , cos a, or tan a where 2 is the given acute angle.) 









8. In the sketch shown below, find the distance M by using trigonometric 
procedures. Round you*- answer to the nearest hundredth of an inch. 



M = 




l.7S*<JsomeWr 



7'J 
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9. In the sketch below, find the angle a by using trigonometric proce- 
dures. Round off your answer t 0 c he nearest hundredth of a degree. 



.4 = 





11. Find the head angle A of the bolt shown in the sketch below. Round 
to the nearest hundredth of a degree. 
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Head Angle 4 - 



*\tad 
Angle A 




3 




T 

oV 

_i_ 


0.875" 


/ 




{ 


it 


0.1 8" 








3- 
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12, Find the missing dimensions shown in the sketch below. Round off 
your answers to the nearest hundredth of a unit if required. 




holes } €<jua!i^ 
Spaced. 



13. In the sketch at the right, find the 
width of the river, W. 



W = 



f — Landmark. 




14. Find the missing dimensions in the sketch below. Use the Law of Sines. 
Round your answers to the nearest hundredth. 



Ancle A 



Side b 



Side c 
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Law of Sines : 



,4»t Sm A Sin & Sin C 
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SHOP MATH FOR METAL TRADES: PRETEST 

PART 4 (COMPUTERIZED) 



I of 7 



iems 



Choose th. best answer for each of th. following probl, 
I. Tha a„ 8 ,a 53.37' is .,„., to how man) . ^ 



a. 53 6' 17' 



b. 53° 22' 12' 



2- The angle 78° 13' 46" is ecfual to how 



c 53 30' 7' 



d. 53° 18' 42" 



many degrees? 

e 



a. 76.81 c . 78>4 

o « 



b. 78.32 d . 78-23 

3. In the figure shown below, find angle A. 




Q. 35*37' 

b. 86* oS' 

C. 95° SS' 

d. 50° 26' 



J40 28' \ 
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In the sketch on the right, 
the circumference of the 
circle is 41.67". What 
the dimension M' 



1 s 



d. i*.*6 m 




Cerrftr o-t circU 
(<► pomf P. 



3 "67 S3 
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6. In the sketch below, find the missing dimension R. 





•Dimension 
A ecjuals : 

ex. 75 sTT 
b. 9jz 
C. j£_ 
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Directions for problems 8 through 13: Ising the Pythagorean Theorem and 
the fact that the corresponding sides of similar triangles are propor- 
tional, find the dimensions A, B, C, D, E and F. 




10 

A equals ; 

a. S.hb 

b. 17. i£ 

d. IS 

II. Jb\rrifen5>von 
D equals : 

a. 22.01 

b. £5.15" 
C. Z6,.5 





S. I>tmen$ion 

a. I4.4S 

b. 20.8 5 
C. 9.45 

d. 13.9 

12. .Dimension 
E. fe^juals: 

a. 2.15" 

b. 1.47 
C. 8.26 
d. II. 8 




10. A}\m€n<>ion 

a, 1-4-.4S 

b. Zl.Zl 
a. 20.8S 
d. 

i3. i^trotn-Sion F 

a/ 8.6 

• b>-4 5-4 
a. 2.89 
d. 4.o4 
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Directions for problems 14 through 19: Use the trigonometric functions 
(sin A, cos A, or tan A, where A is the given angle) to find the dimen- 
sions U, V, W, X, Y and 2. 





14. &im&n&ion 

Q. 81.^6* 

b. 49.o 
C 79.26 
d. 

a. 3.£>Z 

b. 3". 36 

c. 4.4-5 

d. 5". 12 



15. ihmension 
V equals : 
q. 75.26 
b. 69.5 
C. 4S.0 
d. 81.55 

I 8. t>»mensian 
V €qucls : 

a. 14. iZ 

b. 7.51 

c. So.oP 

d. 18.12 



bsmensjon 
W equols: 

a. 2.4$ 
b. 

C. 2.0Z 
d. 3.62 

IS. Dimension 
Z equals: 

fl. 7.51 

b. 14.12 
C. 

d. Zo.oO 



20. In the sketch shown be!, 
procedures . 



find che aisiance M by using trigonometric 
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btmension 
M equals : 

Q. 1.255" 

b. 0.41 " 

c. 0.47" 

d. O.S9" 
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1. I- the sketch below, fine ir.« angle 
ures . 



ngle A oy using trigonometric procec- 




Anglfe 

A equals : 
<J. 9.59° 
b. SAZ* 
c 4.76' 
d. 4.76* 



the sketch below, find the distarce 




84mm ^tom. 



% equal 5 .- 

a. 432.45 mm 

b. 597.15 mm 
C. 44Z.5I m m 
d. 514.85 m m 



In the sketch below, find the head ancle A. 





0J875 



ancjlfc 

Q. 87.£>&° 

b. I2Z.4Z 0 

c. SZ.34-° 

d. 51 . 2S° 
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2*. In the sketch below, find the distance Y. 




-five equally 
spaced <4>" 
diamerffci' holts 
drilled around 
a 20" diameter arcle . 



V equals : 
0. 5.&S" 
b. 7-76" 
C. £>.oS" 



25. In the sketch below, find the width of the river W. 



ondmark 




bimen sior» 
W equals : 
a. 21 .84-' 
b/ 28.85' 
C. 55. 68' 
d. 12. SO' 




S3 
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In problems 26 through 28, use che Law of Sines co find tne missing dim- 
ensions as shown in che skecch below. 




26. AwngU A 

a. 53° 

b. 7o° 
C. 1-4-5' 
d. 53° 



27- 



equals : 

a. 21.84* " 

b. IW' 

c. 24.15"" 

d. 8.1 1" 



28. 



Side C 
equals •• 

a. 8.97" 

b. 24.15" 

c. 15:47 

d. i^-^7" 



In problems 29 through 31, first use the Law of Cosines, then use the 
Law of Sines to find the missing dimensions as shown in the sketch below. 




Low o-f Cosines : 



Z9. C equals*, 

a. 21. Z£V 

c. 28.57' 

d. 20.52' 



50. Anqlfc A«rquq(s: 

a. 81.83° 

b. 60.02° 
C. 5Z° 

d. /I8.06* 



5i. AncjU 8> equals 
a. 81. 56* 

C. 23.92.° 

d. ^7° 
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PROJECT SHEET 



Name. 



Dace 



ClUSter Metal Trarfcs 



.Occupation Machinist Helper 



Training Module _Shop Math for M.irm'niu c 



Training Milestone 2. Math for Measuring Instruments 



PROJECT 1 

ADDITION AND SUBTRACTION OF FRACTIONS 

^ Here's wnat you will need: 

1. This Project Sheet. 

2. A pen or pencil to answer the problems 
in this Project Sheet. 

4^ Heie's what you do: 

In this Project Sheet, you will review addition, 
subtraction and reduction of tractions. You will 
also work some problems of the type you will 
find on your job. This work will help you to 
use measuring tools accurately and to apply 
their use to practical shop problems. 

1. Read and study the math review and example 
problems on pages 2 to 4 of this Project 
Sheet. 

2. Work the Shop Problems on pages 5 to 8. 

3. Have your Instructor check your work and 
record your score on your Student Twin- 
ing Record. 

4. Ask your Instructor for your next Project 
Sheet. 



Here's how well you must do: 

1 . You must correct ly answer 8 out of 10 
Shop Problems. 

2. You must answer questions about this Proj- 
ect Sheet to the approval of your Instruc- 
tor. 
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ADDING AND SUBTRACTING FRACTIONS J$> 

To determine the length of materials — sheet metal, 
bar stock, pipe, vdre, etc. — needed for a job, you 
often have to add and subtract fractional numbers, 

ADDITION is the process of finding the sum of 
two or more numbers. 



EXAMPLE PROBLEM 1: Find the length of x: 





Figure 1: Solve for x. 

SOLUTION: Look at Figure 1. 

x sb the sum of the three given dimensions. 

Remember that a fraction is made of two parts: a nnmerator (new-mer-ray-ter) 
and a denominator (dee^oram-i-nay-ter ) . Look at Figure 2. The numerator is 
the numeral on top and the denominator is the one on the bottom. 

3 1 1 Numerator 

16 ~* — • Denominator 

Figure 2: The two part6 of a fraction. 



When you add (or subtract) fractions, you must first change the denominator 
of all the fractions to the least common denominator > sometimes written as 
the LCD. 
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*lowon wiffi {fat problfcroi 



lb * 2 + ife 
>«> 2 ib 



lb 

3". .5*8' 



16 



lb 2*8 »b 



ib ;s ic 



- 46" 



8 



Zj; )roa -fraction as sK©wn. 2x2+1 
IS -Hu numerator and 2 4fu cJenominalor, 



Change 4-o a 



Ik i$ 4-ht common dfcnom«nak)r Sochouo* .£ 
and 2*8 a* shown. 



Sine* of! numerators a re over" a 
Common denommolor |b, add +fic- 
numero+ors direc-Hy- 

W,d« 4fc b Y ,6 9 «^2w4har*momd*ro* 
l4.U*n number and ti, d*r>om,nokr 

i)ivi«U 14. end lb by a Common number Z 4t» 
reduce 4-© lowe*+ 4ferms. 




4 
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| EXAMPLE PROSLEIi 2: Find the lengths in Figure 3. | 




1 A" 

'32 



Figure 3: Solve for x. 
SOLUTION: Look at Figure 3. 

you nfrfrJ J* fin<J 4hfc Icntjlh <rr fW chmt.isiorj skowrt <TS X 
Y©u -find X by SukJ-racfin^ I JL" -fv»m Z*<i<> -shown UW. 

% = 2 - ! 3- 

s. Z - f-f-5) _ — chonqe Jill +0 a frocfion. 

32 3 52 

» 2- £5" 
52 




» 52 



~ ~f X 52 ' -* 1 — 52 l*a*4 common denorn\nah>r 

chanae JL +0 SZnds as shown. 
* 64:"_ 35" I 
52. " 32. 

= 64-35 , Sub4-rrjc+ 35 Worn &4- JtrtrcWy Since 

4Jn^Y art bc-Hr, "ov6ir"-Hife Common 



32. 



8 2.9' 
3Z 



Common number w»H d^i^fr m4-o boR> 
2>S and $Z. 



If you have any questions about the sample problems, ask your Instructor, 
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SHOP PROBLEMS 

1. You need to cut four pieces of bar stock with the following measurements: 

How long should your original bar stock be? Lengths- 
(Don't worry about waste.) '• 



2. Your supervisor wants you to find out the total length of the bar in 
Figure U. Length 





3- -^H>£ 


> 4- 


4 


r l b i ifcT^i 

LEMiTH - 


'n, — i— g — 

*p- 



Figure 4: Bow long -is this bar? 

3 * If™ b ° S and ± r S Sk6tCh Fi8Ure 5 * Y ° U a " t0 find the leQ 8 ths 

Length of: a: „ - 




... I 





<j> 



7 " 



4 ' 8 

H« >< 



If, 



\Q> 



15' 
16 



Y 



Figure 5: Solve for z, y and z. 
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Your supervisor hands you a machined part like the one shown in Figure 
6. You need to find the lengths of the parts labeled x 9 y, and s. 





Figure 6: Solve for x, y and z. 

5. Your supervisor gives you the sketch shown in Figure 7, You 
are to find the lengths of jc, y and z. 




Figure 7: Solve for x> y and z. 



9 
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6. You were given the front view sketch of a machined part as shown in 
Figure 8. You are to find the lengths of the parts labeled 
JJ, x 3 y and z. 




Figure 8: Solve for w 3 x 3 y and z. 

7. You must make five shims of different lengths from a piece of 
shLHre; T~ ,fe z3« Ste ^ r ^ « of the 

What is the total length of bar stock that you need? 
Leng th 

8. When measuring items that are irregular or hard to reach, it 
is sometimes difficult to get an accurate measurement. Some- 
times the best thing to do is to find an average measurement. 
This is done by making more than one measurement (or reading) 
adding the measurements together, and dividing by the number 

of measurements taken. For example, if you made three readings, 
you would add the three together and divide by three. That would 
give you an average measurement. 



Now, suppose you have taken the following readings: 

What is the average measurement? 



\9" B_" J_ w 

Average measurement 



SM IN II 

64 3Z N 
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9. Figure 9 is a sketch of a profile gage used for checking work in a machine 
shop. The dimensions on the sketch are the lengths of the different steps. 
Your supervisor wants you to find overall length of the gage. 

Length 



1" 

'2' 



4-7' 



&4 



16 



L&M6TJ4 



"l6 



IT 
"32" 



Figure 9: Eov long is this profile gage? 



10. Your boss asks you to find the average of the following five readings: 

«", il" ond 2" 

16 ' -r S2 ' 64- * 32 ' 

Averaae readina 



SHOW YOUR WORK TO YOUR INSTRUCTOR 
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PROJECT SHEET 



Name. 



Date 



Cluster Metal Trades 



.Occupation Machinist Helper 



Training Module Shop Math for Machinists 
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PROJECT 2 

MULTIPLICATION AND DIVISION OF FRACTIONS 

$ Here's what you will need: 

1. This Project Sheet. 

2. A pen or pencil to answer the problems 
in this Project Sheet. 

$ Here '-3 what you do: 

In this Project Sheet, you will review multipli- 
cation and division of fractions. You will also 
work some problems of the type you will find on 
your job. This work will help you to use measur- 
ing tools accurately and to apply their use to 
practical shop problems. 

1. Read and study the math review and Example 
Problems on pages 2 to 8 of this Proiect 
Sheet. 

2. Work the Shop Problems on pages 9 to 12. 

3. Have your Instructor check your work and 
record your score cn your Student Train- 
ing Record. 

Ask your Instructor for your next Proiect 
Sheet. 



Here's how well you must do: 

1. You must correctly answer 12 out of 15 
shop problems. 

2. You must answer some questions about this 
Project Sheet to the approval of your 
Instructor. 



3-82 



MULTIPLYING AND DIVIDING FRACTIONS 



As a Precision Metal Finisher, you will need to 
multiply and divide fractions. Here is a review 
of the required steps to do these operations. 

MULT1LPYING FRACTIONS 

First, to multiply two or mors fractions, multiply 
the numerators together and multiply the denominators 
together. Look at Figure !• 
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Multiply Hit nurneraf ors — ^ | — Product of Wit numerators 

3 -r 3*^ 12. 
Huihply the denominators ^ ^—Product of the denominators 



Figure 1: Multiply numerators and denominators. 

The product of the numerators is written over 
the product of the denominators. 



ERIC 



Now, reduce the resulting fraction to lowest terms. Look at Figure 2. 
Remember that you reduce a fraction to its lowest terms by dividing evenly 
the numerator and the denominator by a common number. 

1Z Z 12. G Z 



Figure 2: E educe your fraction to lowest terms. 

When you can no longer find a common number that will divide evenly into bet). 
the numerator and the denominator, the fraction has been reduced to its lowest 
terms. 

There are several different kinds of fractions: 

PROPER FRACTIONS: These have denominators that are larger than their numerators 

Examples: ± , JL y UL , 1*L , ... 

IMPROPER FRACTIONS: These have denominators that are smaller than their 

numerators. They are "top heavy": 



i > 5 13 1 781 ; 
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MIXED NUMBERS: 



These are made up of a whole. number with a proper fraction. 
Look at Figure 3. A mixed number equals the sum of its whole 
number and its fraction. 



Mixed hiumbfcr 



"i r 



Whole number 



z k * 1 + i 



t — - Frocf 

Fi^re 3: i^ced number = whole number + fraction. 

Examples of mixed numbers: 



ion 




".•ST*- EST eDds up " ?th an ~ — 

Here's how to change it: 

Start by dividing the numerator by the denominator. Look at Figure A. 



13 ». 

is tfce improper fraction. 



<T ts ^ e nixed number eaual to 15. 

— . ' €, 



bcnommai*or 



I 2 Whole number 
Numerafor 

)2 

1 -e- Remainder 
(i^eW numerafor) 



_ So: 12, s 21 

6 6 



Picure 4; CWi™ an proper /raciton to a mixed number. 
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EXAMPLE PROBLEM 1: Multinlv JL * 3 
7 



SOLUTION: 1x3 , £xi = £"*5 B iS - 2 I 
7 7 I tTT 7 ~ T 



Note: 



A whole number can be written as a fraction by using "1" as the 
denominator. So in Example Problem 1, 3 is written as ^. 

Also, ^ is in its lowest terms, and is changed to the mixed 
number Z J— . 

7 



EXAMPLE PROBLEM 2: Multiply Jo x 1 % j_ 
7 3 ^ 



SOLUTION: 6. x 2. * JL = 6x2x1 _ 12 

The answer to Example Problem 2, j£ needs to be reduced to lowest terms, 
at FigureT £rat0r denominator can be evenly divided by 12. Look 

J2 c 12*12 - J. 
81- 7 

Figure 5; Divide numerator and denominator by 12. 

Here is a way to solve the problem more easily. The method of cancellation 
can be used. This method is a way of dividing out numbers that are common to 

this ^."TTVS? fT mlnat ° r - F ° r ^P 16 ' the P roble * "a be done 
this way: (Look at Figure 6.) First, divide out the 3 in Step A. Next 

divide out a 2 as In Step B, and then divide out anothei 2 as in Step C.' 

&g 2 x i . 2 x~&x i . -&x 1 * 1 i x j x | | 
7X-SSX4 7* U^" 7 X 1 XS " 7x7x7 " 7 

t ' t 2 t 1 

. Step >1 5tep b step C 



Figure 8: Method of cancellation. 



10 1 
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Figure. 6 shows dividing out numbers in three 

steps, but it is possible to use just one 

step. Look at Figure 7. j 

NO < 

Figure 7: Method of cancellation £ ' . 

using one step. ^g>X 1 \ 

DIVIDING FRACTIONS i ^ 

To divide fractions, you first invert the ^ 
number of the fraction that is the.- -divisor. The 
divisor is the number or fraction that you 
are dividing by. Now, multiply the two 
fractions and reduce to lowest terms. 

Fiowe 5; Inverting a fraction. 

Remember, the divisor is the number or fraction that you are dividing by. 
For example, if you divide | by 1 , (|^) , then J_ is ^ divisor> 



EXAMPLE PROBLEM 3: Vvi^ y^ 



First invert the divisor and multiply. Look at Figure 9.' 



? 5 7 2 7* 

Pi^ure 5; Invert Jiuisor and multiply. 
Then reduce to lowest terms. Look at Figure 10. 

^ K-f-Z 7 '7 

Fi^wre JO.- fledwce £7je answer. 
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MULTIPLYING AND DIVIDING MIXED NUMBERS 

Whenever you multiply or divide fractions, you must change any mixed 
numbers to improper fractions. First, think of the mixed number as its 
whole numbers plus its fractional part. Look at Figure 11 



z , A z 



4f " 4 



4- 



Figure 22: Separating a mixed number. 

Then, multiply the whole number by the denominator of the fraction. Put 
the answer you get over the original denominator. Add that answer to the 
fractional part. Look at Figure 12. 

S^*^ ^f?*^ u?IoZe denominator, put over denominator, 

then add fraction. * 



Now, add the two numerators directly. Look at Figure 13. The mixed number 
is now in fractional form. 



41 



12+Z „ J4 
3 3 



Figure 13: Adding numez-aiors. 

The steps shown in Figures 12 and 13 can be done in one step: Multiply the 
denominator by the whole number and add what you get to the numerator of the 
fractional part. Put that sum over the denominator. In Figure 13, 3 times 
4 plus 2 equals 14 over 3. Look at Figure 13 again. 
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MULTIPLYING MIXED NUMBERS 
EXAMPLE PROBLEM 4: 



2l 
8 



5i 



When you are finished multiplying fractions and are unable to divide a 
common number into both the numerator and denominator, the fraction will 
be in its lowest terms. Look at Figure 14. 



ERJC 



8 6 8 6 S X -> -f8 

Figure 14: Multiplying mixed numbers. 
You must change the improper fraction to a mixed number. Look at Figure 15. 
457 - -4-57 -48 » 5 + JT s 

Pi^we 25: Changing improper fractions to mixed numbers. 
DIVIDING MIXED NUMBERS 



EXAMPLE PROBLEM 5: 4-s ~ -3. 
S 5 



First write the mixed numbers as improper fractions. Lock at Figure 16. 

44- t G— ■ 55 * 32 

8 5 8 - r 

Figure 16: Change mixed number to improper fraction. 
Then invert the divisor and multiply. LooV at Figure 17. 

55 j. i|f1 . 35 y 5 . 165 
8 -IS!" 8 32 " 256 



Figure 17: Invert divisor and multiply. 

After you multiply, the fraction will be in its lowest terms since you cannot 
divide a common number into the numerator and the denominator. In this case, 
the answer can't be changed to a mixed number because it is a proper fraction 
That is, the "top" is smaller than the "bottom". 
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EXAMPLE PROBLEM 6: How many J." shims can be cut from a piece of shim 

4 



stock 131" long? Allow 3_"for total waste. 
8 © 



SOLUTION: First you must find how much shim stock you will have after 

allowing for waste. So, first subtract the waste from the shim 
stock. 



131"-. Wovfe s 13i."_JL B ^_ sabfmcf wasK. 

8 & 8 

* 63x8+0", £ V__ chonge -foe mixed number 4oq 

- 1 °4~H~5 ^ — . ddcd and sub+racf -me numtra-brs 

s Since you ho** a common denominator (8). 

* sV»«m SrocW. remaining after 

allowing -for wos-ffe. 



Now find the number of shims you can make after allowing for waste 
divide as shown below: * 



'^f^f * af ^^dhMSor and rouifiply 

r j|2 x ^" ~» — dw.de W7. by 5 and 3 by 3 j 
2 s j* divide 8 by 4 and 4 by 4; 

4hi5 is called cancellaf/on 
= ^r£-| « — muJf.ply n« m «rafor& 54 xf, W 

denominators Zx< 
s "* re duc6 wKole nunnbcrr by 

dividing 6*4 by 2. 
* 17 sK»m£ ^ Final Answer*. 



If you have any questions about the examples above, see your Instructor. 
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SHOP PROBLEMS 

1. Your boss asks you to cut brass cylinders from a piece of brass pipe. 
Hov many brass cylinders can you cut from a piece of pipe I6± n long 

if each cylinder is l-j-'and you are to allov £" waste for each cylinder? 
Number of cylindei^s: 

2. You are required to make 22 pieces of pipe, each l?long. How long a 
Piece of pipe stock do you need? Allow waste for each piece of pipe 

)«=> V 

Length of -pipe stock: 

3. Your supervisor has given you the pattern and dimensions in Figure 18. 
What is the greatest nu Ser of pieces you can make from the bar stock? 

To'lal pieces: fK 

• LAssume no waste) 




IZ 



-Figure 18: Eow mam* pieces can you cut from this bar stock? 



n 

4. You must stack boxes 5- high in a 62" MoK k-i« u 

^ uxgn xn a high bin. How many boxes can you 

get in the bin? 
Boxes: 




Ft cure 19: How many boxes? 



1 Mo 
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5. You need to cut pipe to z£ long as a support for a large piece of 
equipment. Your supervisor only has a V 1" piece of pipe. How many 
supports can you cut from the stock? Do not worry about waste. (Hint: 
Before dividing, make sure you have changed 7'1" to inches so you will be 
dividing inches by inches.) Number of pieces: 

6. You are given a blueprint in which 1 foot. How long should an 18' 
pipe be on your drawing? Inches: 



7. You need to stack as many sheets of ± sheet metal as possible in a 4 1 
6" bin. How many sheets will you be able to stack? (Hint: Again, make 
sure you have changed 4 '6" to inches so you will be dividing Inches by 
inches.) dumber of sheets: 

8. Your boss quickly sketched the drawing in Figure 20 and asked you to drill 
the holes in the stock as shown. How many holes must you drill? 

Number of holes: 
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9. Your company needs to know how many squire inches (volume) are in a package 
they make. The package dimensions are in Figure 21. What is tbz volume 
of the package?,. (Hint: The volume is found by multiplying the height 
times length tines width.) Volume: 




Figure 11; What is the volume of trie box? 

10. You need to order a ill foot long steel bar. You know the bar weighs 

11 pounds per foot. If steel costs ll cents per pound, what is the cost 
of the steel bar? Cost: 

11. Your supervisor asks you to get a new screw like the one in Figure 22. 
You measure the example and find it has 8 threads per inch. What thread 
pit 9 h are you going to ask for? The pitch of a screw thread is defined as 
the distance from a given point on a screw thread to a corresponding 
point (the same kind of point) on the next thread. Htch: 



Figure 22: What 
is the pitch of 
this screw?' 
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If you are able to machine a-certain pare in |g hoyrs, how many hours 
will it take you do machine 32 parts? 
Hours :_ ' • 

How long a piece of stock will you need to cut 15 washers, each 3" thick 

m ■ ... 
if — waste" is, allowed for each cut? Length: 



sz 



The circumference of a circle is very near to times its diameter. Find 

7 

the circumference of a circle whose diameter is 5iL. 

K 

Circicmferenc e : 



If it takes you 3 of an hour tQ sharpen a c ' utting toolj how ff 



nrsany cutting 



tools can you sharpen during a six hour shift? 
Number of tools 

SHOW YOUR WORK TO YOUR INSTRUCTOR. 



1 



3, 



4 



5 
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PROJECT SHEET 



Name. 



Date 



Cluster Metal Trades 



^Occupation Machinist Helper 



Training Module Shop Math for Machinist 

Training Milestone 2. Math for Measuring Instruments 



PROJECT 3 

ADDITION AND SUBTRACTION OF DECIMALS 

$ Here's what you will need: 

1. This Project Sheet, 

2 . A pen or pencil to complete the problems 
in this Project Sheet. 



Here ' s what you do: 

In this Project Sheet , you wi 11 review what 
decimal numbers are. You will review the addition 
and subtraction of decimals. You will also work 
some problems of the type you^ill find on your 
job. This work will help you to use measuring 
tools accurately and to apply their use to prac- 
tical shop problems . 

1. Read and study the math review and Example 
Problems on pages 2 to 7 of this Project 
Sheet. 

2. Work the Shop Problems on pages 8 to 12. 

3. Have your Instructor check your work and 
record your score on your Student Train- 
ing Record. 

^. Ask your Instructor for vour next Project 
Sheet. 



Here's how well you must do: 

1 . You must correct ly answer 8 out of 10 
Shop Problems. 

2. You must answer questions about this Pro- 
ject Sheet to the approval of your Instr- 
uctor. 
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ADDITION AND SUBTRACTION OF DECIMALS 

Because decimals are easier to use, decimal measurement is more popular than 
fractional measurement. In everyday shop problems, "decimals are now replacing 
fractions wherever possible. As a Precision Metal Finisher, you will need to 
know how to use decimals well. 

here's what a decimal is 

A decimal number is a fraction whose denominator is 10 or some multiple of 20. 
Look at Figure 1. 



.05" 



frachon p ( 



orm 



m & tenfbs - 

= 5 hundredths - 

- SZ hunAr^d^S - 

- *4 thousandths - 



lO 
S 

\00 

32 

100 

4 

1000 

Zlol 

1000 



Figure 2: Decimal and fraction forms. 



erJc 



A decimal number less than one is usually written with a zero to the left of 
the decimal point. For example, .532 would be written as 0.532, .4 as 0.4 
and .001 -ss< 0.001. This is done because it is possible to mistake .4 for 4 
but you cannot overlook the difference between 0.4 and 4. Also, the zero 
to the left of the decimal point will help you remember where the decimal 
point is. 
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PARTS OF DECIMAL NUMBERS 

A decimal number may have both a whole number -art ^ - f« 

For W> look „ Figure 2 belov co °« XrthV^e'l&rJns. 




3xioo 


4x 10 


5x1 


2xJ_ 

10 


IX 1 
I00 


3x 1 
1000 


Mundrt<Js 




Ones 


Ten+Hs 


HundVedHij 


Thousandfhj 



Figure 2: See what each digit means. 

Notice that the denominators in the decimal f Mr ri« c u ^ 

10. Look at Figure 3 h.io U decimal fractions change by a factor of 



4x 
3x 
Tx 
2x 



1000 
100 
10 

I 



4372. 4 43Z 

Thouscnd* 4000. 0002 Ten-Thousand 2 X 
Hundred 300.003 Thousand^ 3 X 
Tens TO. 04 Hu^n^Hh^x 



Ones 



2.6 



"Rnfhs 6x 



6och row changes 
by$ fqcj-or of fen 




rWre 5: Sac, denominator changes by a factor- o* 1C. 
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DECIMAL DIGITS 

In the number 45.361, the digits 3, 6 and 1 are called decimal diqits. 
They are the digits to the right of the decimal point— they name the 
fractumal part of the decimal. You will use the idea of decimal digits 
often in doing arithmetic with decimal numbers. 




The decimal point is a place marker. It separates the whole numbei part 
from the fractional part. In whole numbers without any fractional part 
the decimal point usually is not written, but is understood to be there* 
Lock at Figure 4. 



Z =Z.«*r— ifccimai Point 

t 

32.4 = 3Z4. ^ 3>fccimol PoinV 



Figure 4: Decimal points go to the right of whole numbers. 

It is important for you to know where the decimal points go. 

Additional zeros can be attached to the decimal number without changing its 
value. For example: 
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ADDITION AND SUBTRACTION 

iSSEJ^?S n ^dS o rePr r^ f " Cti0nS d -°»i-tors equal to 

Figure T. addition ™& subtraction are very simple. Look at 



A.ZZ =4 4- 
5J<b = 3 + 

<J<U»nj like fractions 





+ 








too 


i 


+ 








SOD 


4. 


+ 


JL 


10 




ioo 

t 



.- 7.48 



Figure 5: Adding decimal numbers. 

Of course, you do not actually add and subtract decimal* in m,o » 
above in Figure 5. You simply up the decimal ££j s U ol? P 

is written with fewer decimal digits than rht nT.r- ' nUmber 

as needed so both «ill have thll£ ntb^f °d c^afd g'iS ST' 
or subtract as you would with whole numbers. Look at Figure 6. ' 



5.4 + 



5.B9 -4.321 



= 5.4oo 
l2.o7l" 



;4.321 
1.569 



Y°u musi* |me up -fhe 
decimal points HoHf 
in order -to get ike 
ngh-t answer 



c*ta add zeros uhere needed. 



1 1 
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EXAMPLE PROBLEM: Find the missing dimensions on the sketch shown 
below. Look at Figure 7. 



Lois" 

'4-1 




* " 








t 

C 




— •& 


- 1.^+2"— L 1.18 "-^ 





I 



Figure 7: Find the missing dimensions. 

You can see that A and B can be solved directly. W >n you know A, you can 
find C. First, find the length of A. 



A* l.oiV+o.eTs" 



Thfen -find B : 



1.013" 
± .875" 
A- I.SS6" 



B= 3. 321- (1.542+). 18) 



&=3.321 




6*5.321 -2.722' 



5.521" 
- 2.722 " 
6 = 0.599" 
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And finally, f«nd C: 

C A- (0.52440.542), A . I. 888" U flU . 
Thensubs-h+u-hng hr A, y fcu h< 
C* 1.888" ~ 



0.524" 
+ 0.54Z" 



C - 1.883"- 1.066" 



1.888" 



are'thai f^cSn^r* 1 Pr ° blenS and see how much decimals 

HI X I-™ for JSp^ ^ qUeSti ° DS ' bout the 



0 
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SHOP PROBLEMS 

Your supervisor has given you 5 shims* You must find their total 
thickness* You have measured the individual shims and found them to 
be 0*008", 0*125", 0*0075", 0:625" and 0*0425". What is their total 
thickness? Total thichiess 

Your Instructor has given you 5 common gages of wire to measure with a 
micrometer. You find the diameter of the 5 gages of wire and tabulate 
your results as follows: 

#10 gage wire «= 0*102" diameter 
#11 gage wire = 0*090" diameter 
#12 gage wire «= 0*081" diameter 
#14 gage wire * 0*064" diameter 
#16 gage wire «= 0,051" diameter 
Your Instructor then asks you the following questions about the wire. 
A* How much smaller is the diameter of the #16 gage wire than the 

diameter of the #14 gage wire? Difference 

B. How much smaller is the diameter of the #14, gage wire than the 
diameter of the #10 gage wire? Difference 



C. What are the combined diameters of the 5 gages of wire you 
measured? Combined diameters 
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3. You have just finished a job and your boss wants to. .know how much to bill' 
the customer. You have kept track of the following cost items: 
Material - $157.24 
Machining - 175.56 
Drilling - 182.47 
Finishing - 246.72 
Painting - 36.50 
Your boss wants you to add In $255.50 for profit. How much do you bill 
the customer? Bill 



4. Your foreman has given you the following information about 4 pieces 
of sheet metal. Their combined weight is 100.76 pounds. One sheet 
weighs 42.67 pounds, one sheet weighs 20.42 pounds, and one sheet weighs 
11.86 pounds. The foreman wants to know how much the fourth sheet 
veighs ' Weight of 4th sheet 
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Your shop foreman gives you^a sketch of a gage to be cut from sheet 
metal. Look at Figure 8 below. You notice that before you can lay it 
out, you must find some missing dimensions. What are the lengths of 
A, 3 and C? A B C 




C 

i 





r 




- A — 





0.501 



1.852' 



0.501" 
1.551" 



0.501' 



0.5W 



Figure 8; Find the missing dimensions. 

Ill) 
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6. Your supervisor gives you the job of machining and finishing a 1.265" 
chick part. You are to machine off 0.0125" and 'finish off 0.001". 
What will be the thickness of the finished machine part? 

Finished inicloiess 

7. Your job is to take a drawing sketch (Look at Figure 9), lay it out on 
sheet metal foi cutting. Before you can lay it out you must find some 
missing dimensions . What are the dissing dimensions A, .B, C, D, and E? 
A B C D £ 



-h 

1.876" M 

+ 

0.75" 



6314L- 0.121" 
E> — 



.051 



1.02' 



o.30" 

4- 

c 

-4- 

0.721" 



4- 



asir 



Figure 9: Find the missing dimensions. 

8. Your Instructor gives you a 1.135" thick machine part for you to grind, 
and polish. You are to grind off 0.005". If the finished part is to 
be 1.129" thick, how much do you need to polish off? 

Thickness to be polished off 



3-104 



120 



12 of 12 



9: A customer has paid you $175.00 for a certain machining, drilling and 
finishing process. If you used $39.50 for metal stock, $14.50 for paint, 
and $32.75 for general overhead, how much did you make? 

Profit 

10. You are to make a precision gage from a sketch given to you by your 

Instructor. Look at Figure 10. Before you can lay it out for cutting, 
you find you need to figure out some missing dimensions. What are the 
dimensions of A, B and C? A B C 




«s- 1.92$ 



r 



0SV>\+. j.oi6* £ o.78l' 
1*76"- 



4.372' 



Figure 20: Find the dimensions of A, B and C. 



SHOW YOUR WORK TO YOUR INSTRUCTOR. 
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$ Here's what you will need: 

1 . This Project Sheet . 

2. A pen or pencil .to answer the problems 
in this Project Sheet. 

$ Here's^vhat yoj do: 

in this Project Sheet, you will review multipli- 
cation and division of decimals. You will also 
work some problems of the type you will find on 
your job as a Machinist Helper. This work 
will help you to use measuring tools accurately 
and to apply their use to practical shop prob- 
lems. 

1. Read and study the math review and Example 
Problems on pages 2 to 9 of this Project 
Sheet. 

2. Vork the Shop Problems on pages 10 and 11. 

3. Have your Instructor check your work and 
record your score on your Student Train- 
ing Record. 

Ask your Instructor for vour next Proiect 
Sheet. J 



$ Here's how well you musr do: 

1. Ycu rrust correctly answer 8 out u f 10 
Shcp Problems in this Project Sheet. 

1. Yoi, must ,in«*.-r questions abcut this Proj- 
ect sheet * the approval of your Instruc- 

tC! ' 3-106 _ 
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MULTIPLICATION AND DIVISION OF DECIMALS 
MULTIPLICATION OF DECIMALS 

tfhen you multiply decimals, you do it much' the same way you multiply 
whole numbers except you must keep track of decimal points. 



For example; Multiply 3.2 X 0.41 



Step 1: Multiply, ignoring decimal points. 

32 
X 41_ 

32 
128 
1312 

Step 2: Count decimal digits in each number;. 

3.2 has one decimal digit (the 2) and 

0.41 has two decimal digits (the 4 and the 1). 

The total number of decimal digits in the factors i s 

three. Therefore, the answer will have three decimal 

digits. Count over three digits from right to left. 

1.312 

i ^fnree decimal digits from right to left. 

Check: 3.2 X 0.41 is roughly 3,X h or about 1^. 

The answer 1.312 agrees with your rough guess of 

IH. 



ERIC 



Remember, even if ^you use a calculator to do your actual arithmetic, you 
should always estimate your answer and then check it afterwards to be sure 
your decimal is in the right place. 
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EXAMPLE PROBLEM 1: Multiply 0.00622 xG.OOA^ 



Step 1: Forget the decimal points and multiply normally. 



622 x Al « 622 
x Al 
622 
2A88 
25502 



Step 2: 



Count the total decimal digits in the original two factors 
Then count in your ansver, from right to left, the number of 
total decimal digits as shown below. 



0.O04J X - 0.OOQO2S4-8Z 





i 








-four diurnal 
digits 


+ 





hme ro-ral 
decimal dtgi-fs 



NOTE: 



ERIC 



In this case, you must add the right number of zeros (4) 
to get the right number of total decimal digits (9). 
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EXAMPLE PROBLEM 2: Your supervisor asks you to find the volume of the box 

in Figure 1. 



(Remember that the volume is equal to the length times depth times height 
and is expressed in cubic; units — like cubic inches, etc.) 




Figure 1: Find the volume. 



Step 1: Ignore the 'decimal digits and multiply any two of the three 

factors. Then multiply that answer by the third factor as shown 
below. It doesn't matter which factors you multiply first. 



142 X 87 = 



142 
X 87 
994 
1136 
12354 



12354 x 112 - 



12354 
x 112 
24 7 08 
12354 

12354 

1383648 



Step 2: Count the total decimal digits in the original three factors. Then 
count in your answer, from right to left, the number of total 
decimal digits as shown below. 



1.42" X 0.87" .X I.IZ" a 1. 383643 cu 







-fwo 








Six 




4- 


decimal 


4- 


deama I 




cJfcCltTKll 






dtgifs 











3-109 



5 of 11 



Check: 1.42 x 0.87 



x 1-12 is roughly equal to 1% x 1 x 1 =' m 
xhe answer 1.383648 cubic inches, \rees with your rough 
guess of II,. Yo,. , an tell the decimal point is in the 
right place. ' n cne 



DIVISION OF DECIMALS 



will tell you xf your decimal point is in the right place. ™^ eSt2Mate 




DIVIDENDS AND DIVISORS 

Recall the definitions of the words dividend and divisor i n a division 

problem, the dividend is the-number that is to be divided. Jhe divisor 
5 £ d^r^oK Y ° U — — -^vidend 



O.OJT — .IWisor 



Ficwre 2: Dividend and divisor. 
STEPS IN DIVIDING DECIMALS 

Jroc2ure 8 s deCimal ^ ^ the f ° U ° Vin & "ep-by-step 

Step 1: Write the dividend and divisor 

in standard long division forn. _ r 0.017 - O.OI7H,0)Z 

Step 2: Move the decimal point in the 

divisor as aany places to the - % ~ On W fM7 

right as necessary to make the ~ [ V 
divisor a vhcle number. 



3-110 12(J 



6 of ii 



Step 3: 



Step 4: 



Move the decimal point in the 
dividend the seme number of 



places 



Add zeros if necessary. 



Step 5: 



Place the decimal point in 
the answer space directly 
above the new decimal posi- 
tion in the dividend. 

Complete the division just 
as you vould with whole 
numbers. Forget the deci- 
mal points in the divisor 
and dividend. 



You can check your answer by multiplying 
the answer by the divisor. You should 
get the dividend. 



•0I7.H.0I2. 
I » I J 

it.Koiz; 




Here is a type of problem that gives many people trouble, 
problem by following these steps: 



Work this 



0-SG5tI8.Z5= I&IsT/S^^ — Write in standard long division forau 

Ift 7S T~56~5 """" M ° Ve the decimal P oint in the divisor 

L__i L__i aS m3n}? plaC6S to the ri 8 ht to na^e ic 



.0 



56.50 



a whole number. Move the decimal point 
in the dividend the same number of places 
to the right. Place the decimal point 
in the spaed directly above the new 
decimal position in the dividend. Complete 
the division forgetting the decimal point 
in the divisor and dividend. 



Y — r: — — * 1825 does not go into 365, so you must 

lSZ5/5>£>/50 place zero above the 5 and add'another 

zero to the 5 in the dividend. 

,02. — • 1825 goes into 3650 two times. 

1825)36.S0 



check: IS2S * .02 = o.36S 



On 
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EXAMPLE PROBLEM 3: Your boss wants to know how many pieces of pipe 1 2V 

long can be cut from a long piece ofv pipe stock 19.84' 
long- Don t vorry about waste. Look at Figure 3. 




Figure 3: Bow many pieces can you cut? 

Write in standard long division form. 



Solution: 

19.84+1.24 = 1.24) I S.84 



124..) 13.84. 
I * 



!6. 



124.) 1984. 
I £4 

724 
724 



Locate new decimal point in answer 

space by moving the decimal point 

two places in the divisor and dividend. 



Then complete the division as you would 
with whole numbers. 



Check: 16 x 124 = 1984 



ERIC 
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HOW TO NAME DECIMAL NUMBERS 

The deciaal number 3,254, 935.4728 should be though of as: 



3* \oopoop _3 
2X ipoooo 




J 



5x Joooo _ 

£>* loo 

3* io 

5x 1 _ 



L7X ! 

/CO 



10060 

tooo 



L 4* 



This number may be read, three million two hundred fifty- four thousand, 
nine hundred thirty five and four thousand seven hundred and twenty-eight 
ten-thousandths . Notice that you read the decimal point as and. 



ROUNDING 

Rounding is a method of estimating a number. To round a number means to 
find another number roughly equal to the given number but expressed in 
simpler terms. For example: 

. $432.57 « $40C rounded to the nearest hundred dollars, 

* $430 rounded to the nearest ten dollars, 

* $432 rounded to the nearest dollar, 

* $432.60 rounded to the nearest ten cents. 

I2y 



9 
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Other e::-~ples of rounding: 

1.376521 - 1. rounded to the nearest whole number 

= 1.4 rounded to one decimal place, or rounded to 
the nearest tenth 

■ 1.38 rounded to two decimal places, or 
rounded to the nearest hundredth 

= 1.377 rounded to three decimal places, or rounded 
to the nearest thousandth 

= 1.3765 rounded to four decimal places, or rounded to 
the nearest ten- thousandth 

For most rounding, you can use these simple steps: 

pappose you want to round 3.462 to one decimal place. [ 

Step 1: Figure out the number of digits or Round 3 . 462 to 

the place where the number is to one decimal 

be rounded. Mark it with a A . 

3.462 

Step 2: if the digit to the right of the a 3 462 - 6 is 

the digit to the left by 1. increase the 4 by 

u , . . . 1 and 3.462 

If the digit to the right of the A beC omes 3.5. 
is less than 5 leave the digit to 
the left of a as it is. 



"«r-T422 3 - 4 3 2 4 t0 deCilnal PlaCG USin§ StepS 1 and 2 ab ° Ve > 



you get 



(3.4 is the right answer because the 2 in the hundredths place is less 
than 5 • ) 



If you have any questions about this review or the Example Problems see 
your Instructor. y ° eBS ' see 
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SHOP PROBLEMS 

< i. You have measured a machine part five times with b vernier micrometer* 
You get readings of 1.0231", 1.0234", 1.0229", 1.3235" and 1.0230". 
Your boss wants you to first find the average reading , and then round 
off the average reading to three decimal places. Remember that average 
reading equals the sum of the readings divided by the number of readings 
taken. 

Average reading Bounded reading 

2. You have measured a piece of rectangular sheet metal and found it to be 
2.62" long and 4.51" wide. Your boss wants to know the. area of the sheet 
to the nearest hundredth of an inch. Remember that are? equals length 
times width. 

Area to nearest hundredth of an inch 



3. On your job you make gages for a machine shop. For each gage, it costs 
you #3.55 for material, $2.80 labor, $1.05 for overhead, and $2.25 for 
profit. How much do you charge the machine shop for 28 gages? 

Charge for gages 

^ . 

4. On your job, you need to know the average thickness of a piece of sheet 
metal to four dec imel places. To do this accurately, you, separate Che 
20 sheets into 4 batches of 5 sheets each and then measure each batch. 
The measurements of the four batches are 1.2124", 1.2127", 1.2129" and 
1.2131". What is the average thickness of one piece of stock sheet 
metal? 

Average thickness to four decimal places 



5. Your boss wants to know the average diameter of a metal casting. You 
measured the diameter of the casting at five different places. Your 
measurements are 1.312", 1.311", 1.319", 1.32" and 1.315". What is the 
average diameter of the casting, to the nearest thousandth of an inch? 

Average diamezer to the nearest thousandth inch 



6. At your shop you are scheduled to receive a shipment of sheet metal 
stock. The average cost of the sheet metal stock is $1173.12. The 
cost per sheet is S3. 7 6. Kow many sheets are you going to receive? 

Ihcriber of sheets 



1 O i 
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7. On your job, you are given a piece of rr.etal plate to lay out a pattern 
of small rectangular gage blanks. The dimensions are shown in Figure A 
below. If you forget about vaste, how many blanks can you make from the 
sheet? 



Number* of blanks 








Note.; NloV cirav/n *fb Scale 




- J_ 
1 




1 


! 
1 




S°9 e | 
blank | 


1 
1 

1 






Figure 4: Dimer, sions for one cage blank. 

8. In your shop, you are asked to saw spacer blocks from a 48" piece of bar 
stock. The blocks are 2.34" thick. If you allow 0.125" waste for each 
saw cut, how many spacer blocks can you make? 



Number of blocks 



On your job, the foreman asks you to finite out the cost of some sheel 
metal that has been ordered. The sheets measure 4.25 feet vide and 
8. AO feet long. The cost of the sheet'mepal is $1.70 per square foot. 
If the foreman ordered 25 sheets, what is the total cost of the sheet 
metal? Remember, to get square feet, you multiply length times width. 

Cost of sheet metal 



10. Your shop charges $3.55 for a machined ornamental bracket, 
brackets can you build for $78.10? 



How many 



9 

ERLC 



HAVE YOUR INSTRUCTOR CHECK YOUR WORK 
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PROJECT SHEET 



Name 



TRAINING 
CONDITIONS: 



TRAINING 
PLAN: 



TRAINING 
GOAL: 



Date 



Cluster Jletalirad^ Occupation M a rh,n,crcn.i r r - 

Training Module* Shop Math for MacMni^Ls Hp {per 
Training Milestone. 2. Math for Measun-np i^ t r ]mrnr 



PROJECT 5 
FRACTION-DECIMAL CONVERSIONS 

^ Here's what you will need: 

1 . This Project Sheet . 

2. A pencil or pen to answer the problems 
in this Project Sheet. 

Here ' s what you dc : 

In thi? Projec Sheet, you will review the meth- 
ods of changing fraction* to decimals. You will 
also work some rrcblems cf the kind vou will 
fina on vour job. This work will help vou to 
apply their use ^ practlCai shop problems / 

1. Head and study the math review on pages 
i to t of this Project Sheet. 

2. work the Shop Problems on phages ? to Q. 

3. Have your Instructor check your work and 
record your score on your Student Train- 
ing Record. 



*sk \t ?~ c truct^r f - - 



$ He: 



6 s he v w< 1 ] \ 



J must d. : 



1 . V^u T'js t . c rrec t 1 • 



ci n swf r 



13) 
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CHANG I N6 FRACTIONS TO DECIMALS 

In working with Project Sheets 1 through 4, you have probably discovered 
111 %; U J T t0 d ° math V±th deCioal£ tha * wi ' h fractions. So, iT 

m^nv rlllf* ^ e "; T ^ PraCtiCC Changin » ^^tions to decimals. In 
onny^cases, using decimals rather than fractions will make your math work 

Here J s how you do it: 

lln^t "Jw frac \ i0n » decimal fo ™> divide the numerator (top) -by the 
denominator (bottom)- If the division has zero remainder, the decijj 
number is called a terrmnating decimal. 

For example: 



Change S_ to o Animal number. 




Attach as many zeros as needed, 



Zero remainder; therefore, the 
decimal terminates or ends. 
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ROUNDING DECIMALS 
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d" £aVd^ d ° eS teminate * y ° U r ° Und 1C C ° of 
For example: 



C 'nqfc JL to a dfccimal numbfer 
IS 



ERIC 



.IS 58 
15 ; 2.0000 
I 5 
70 
65 

I i d 

I Oil 



Attach zeros. 



6 



Thfertforfe -^e . O.I54 rounded 
1-5 

4-o -fhrfcfc decimal plqc€.s. 



Remainder not e<j-\al to zero 
therefore, the decimal does' 
net terminate or end. 



To round to three places, an answer must be carried to four places « PrP 
PUCE^NVu^TO rKo 7 CARRY ° UT Y0UR DIVISI0 ' N ^TdeC^ 
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REPEATING DECIMALS 



Some decimal numbers that do not ierr.ir^ze will repeat a group of digits 
This ki*d of decimal number is called N a repeating decimal 8 



For txompU : 

change 5" ho decimal numbtr 
3" 



.5 55 .. 
9^5.000 

11 
5-0 

5 



Therefore, .£ = 0.555... 

The three dots mean "and 
so on". That tells you the 
digit 5 contunues without 
end. 



Similarly _iL s 0-666 
II 



.27 
II )5.oo 



Z 2 



80 
77 



The remainder 3 is equal 
to the original dividend 
3. Therefore, the 
cecinal answer repeats 
itself. 



Tbfen 3. a 0.2727. 
» I 



rounded To 4dtcimci places. 



ERIC 
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BAR NOTATION FOR REPEATING DECIMALS 

Sometimes on blueprints, you may see an engineer's or draftsman's shorthand 
for repeating decimals. Their shorthand looks like this: shorthand 



5 of 10 



A' = 0.27 

II 



means 0.2727... 



J2 = 2.428571 means 2.428571428571... 



The digits under the bar repeat endlessiv 



_L = 0.3, or 2. = o.G 
3 } 3 



EXAMPLE PROBLEM: Change ^ to 

- ■ - i ^ «^ 



repeating decimal using bar no tat 



ion. 



41 _ 
$3 " 




TWn -±1 - 
35 



1.2-4- 



Acid zeros as necessarv, 



These remainders are the sane. 

So you know that further division 
vill produce a repeat of the 
digits 24 in the answer. 



137 
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MULTIPLES y OF 10 

TetLXf problaa chat you can do <™ and « you 

the decimal point as man? places to" e ili' t l° s \l™> 10 °°' *•«».«»> , ™* 
outiple of ten.- S ces co cne left as there are zeros In the 



For example.: 9S _ 

lOO 

4wo Zferoi — I 



and 



IOOO 



+h 



C95, 



* friove -H, fc decimal poinf- 
4wo places 4d 4h& je-rk 



L2L = o.oit 

t 



move -Vne decimal pomf- 
4hree place* lo 4-h€ 



ERIC 



Now you can try some problems. 

If you have any questions about the Example Problems or rh* ~ • 

see your Instructor. rrooiems or the review above, 
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CHANGING DECIMALS TO FRACTIONS: 

time S ° U i t ha n ?een ' " iS hand> ' C ° Change fracti °n* to decimals. Many 

times it is necessary to cnange decimals back to fractions, particularly 

zvzr: lz'zvlii "vi 1 «~ d f " ° 



EXAMPLE PROBLEMS 

1. \ou wish to convert 3.76^-." to f^actionAl fnm ,,cr,-^ */*u c 

uacciondl torn> using 64ths of an inch, 



3.7654 » 3 + .7&S4 
~i ^ — 



64 



C4 ~~ 64 

64 64 "* ' 

1^6n £74 54-" = S 49" 

*4 



Multiply only the decimal por- 
tion of the number by the unity 
fraction you wish to con- 

vert to. 



Round off the numerator to the 
nearest whole number. 



C.-nvert 7.3&5-' 1 to 32nds cf 



(o.54S4 : )(52.) * ll.feSZ8 
32 52. 

1 1. 692.S z IZ 

52 32 "* 



52 S 



-tofcn 7.36S4"* 7 J." 

8 



Multiply decimal portion bv 
unity fraction you wish to con- 
vert to. 

Round off the numerator to the 
nearest whole number. 

If the fraction can be reduced 
to lower terms, do so. 



3. Convert 4.7085" to 64ths. 



erJc 



(o-7Q6S)fc4) « 4C 544 
64 64 

45.544- » 4J" 
64 64 

4k*n ^4.7o8S "» 4 45; " 

64 
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SHOP PROBLEMS 



1. On your job, you are asked to lay out the pattern shown in Figure 1 
below* Find the missing dimensions. 

(To do this, you oust first change the fractions to decimals and then 
add or subtract as needed.) 

Round all decimal dimensions to three deciiaal places. 

Dimensions: A « B « _ q « D = E « 




Figure 1: Find the Hissing dimensions. 

2. You workfr^ hours per day, five days a week for $7.50 per hour. How 
much do you make per week, rounded off to the nearest pennv? 

Weekli* r>c* 
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3. Your supervisor tells you to make 25 shims X." thick. You are to 

allow .075" waste for each shim. How long a piece of stock do you ..eed? 
(Round to three decimal places. Remember: to round to three places, you 
must do all your calculations to four places.) 

Length of stock 

A. To lay out a certain pattern for a machinists gage, you must round the 
following dimensions to the nearest thousandth of an inch (3 decimal 
places) . 



a. _3 " m 

16 



c. 2" , 
32 

d. 0.64862" 



15" 
6 



5. On a job you use a certain amount of different types "of metal plate with 
the following costs: 

::ecal Plate Used Cost of Material 

155 sq. ft. of type A s20 .50 per 100 sq. ft. 

1028 sq. ft. of rype B S52 .00 per 1000 sq . ft. 

328 sq. ft. of type C $46.00 per i 00 sq . ft. 

4320 sq. ft. of type D S 9.75 per 100 gq {t 

What did the materials cost altogether? Kazer-ial ocsz 
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6. You are to make as many Z-fc spacer blocks as you can from a' piece of bar 

stock that is 60.125* long. If you allow g waste' for eacb block, bow 
many can you make? Number of spacer bloats 

7. On a certain job you use tZ^f feet of iron rod that costs $4.75 per 
foot; ZAL feet of extrusion that costs $3.15 per foot; and 47^- 
square feet of sheet metal that costs $1.50 per square foot. You get 
$9.40 per hour and you work 15-L. hours . How much do you charge for 



materials and labor? 



Materials and labor cost 



8. You must lay out a gage block for your Instructor who has given you the 
sketch shown below in Figure 2. Find the missing dimensions A, B C, D, 
and E. A — B =■ C = J) = £ - 




Figure L: Tir^d t'-.e r-issiKs aireKsi ~\l 



ASK YOUR INSTRUCTOR TO CHECK YOUR WORK. | Jo 
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TRAINING 
CONDITIONS: 



TRAINING 
PLAN: 



TRAINING 
GOAL: 



PROJECT 6 
REVIEW OF MEASUREMENT NUMBERS 

6 Here's what you will need: 

1. This Project Sheet . 

2. A pen or pencil to answer the Shop Prob- 
lems in this Project Sheet. 

$ Here's what you do: 

In this Project Sheet, you will review addition 
subtraction, multiplication and division of meas- 
urement numbers. Then you will work some prob- 
lems of the type you will find on your job. 
Th ls work will help you to use measuring tools 
accurately and to apply their use to practical 
shop problems. 

1- Read and study pages 2 to 8 of this Pro- 
ject Sheet. 

2. Work the Shop Problems on pages 9 and 10 
of this Project Sheet. 

3. Have your Instructor check your work and 
record your score on your Student Train- 
ing Record. 

Ask your Instructor fcr your next Project 
s r« a e t . 



Here's how weil you must do: 



1. You must correctly answer 6 out of 8 
Shop Problems. 



9 
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REVIEW OF MEASUREMENT NUMBERS 
TOLERANCE IN MEASURING 

Some measuring instruments are more accurate than others. When you take 
measurements to get your measurement number, your reading is never exact 
That s because the instrument you use and the way you read it is subject 
to some error. It all depends on the accuracy of your instrument and your 
ability to use it right. J 

That is why many drawings and specifications have a tolerance included 
The tolerance tells you just how accurate your measuring must be. The' 
tolerance also helps you choose the right measuring instrument. 

Here's an example: If you see 2.835" ±0.004, it means the measure must 
be accurate to within 4 thousandths of an inch. The sign (plus or minus) 
± means it can either be 4 thousandths of an inch more or 4 thousandths 
of an^inch less. (2.835" could be as much as 2.839" or as little as 
2.831".) Also, you must choose an instrument that will allow you to read 
thousandths of an inch. 



LABELING MEASUREMENTS 

When you use a measurement number, there must be a label telling what the 
un±ts are. Otherwise, the number doesn't make sense. Some examples of • 
measurement numbers are 8 feet, 5 inches, 7 miles, and 10 pourids. The 
units in these examples are feet, inches, miles, and pounds./ 

Whenever you must add, subtract, multiply or divide measured, the units 
must agree (be the same). It's not possible to add oranges to elephants 
and get an answer that makes any sense. 

ADDING AND SUBTRACTING MEASUREMENTS 

Here are three steps to follow when adding or subtracting measurements: 

Step 1 Make sure all the units are the same. If they're not... 
change whatever you must to make the units the same. 

Step 2 Add or subtract the numerical part. 

Step 3 Write the name of the units. 



0 
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I EXAMPLE PROBLEM 1: 6.2 inches + 1.5 feet 
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inches 



■•Z frft, do Srep . J.: Change 1.5 feet to inches so the units will all be the 



1.5 feet means 1.5 times 1 foot 

1 foot = 12 inches 
So, 1.5 feet = 1.5rl2 inches = 18 inches 
Now the problem reads 6.2 inches + 18 inches = 



inches . 



NOV dfl ^TPP ?: Add the numb 



ers : 



6.2 
+ 18.0 
24-2 



And HOW Srpp 1 : Label the answer: 24.2 inches 
Therefore, 6.2 inches + 1. 5 feet = 24.2 inches. / 
Subtraction works the same way. f 

MULTIPLYING AND DIVIDING MEASUREMENTS 

There are three steps to follow when you multiply or divide measurements: 

Step 1 Make sure all the units are the same. If they're not 
change whatever you must to make the units the same. 

Step 2 Multiply or divide the numerical part. 

Step 3 Multiply or divide the units to label your answer. 
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When measurement numbers are added or subtracted, the units named in the 

T 6 UOitS *" the Pr ° blan - «-» hiding or Im- 

plying unit numbers, the -units must also .be divided or multiplied That 
make* the units in the answer different from the ones in theproliem 

Use the steps at the bottom of page 3 to work Example Problem 2. 



| EXAMPLE PROBLEM 2: 4.3 feet x 3.6 feet = ? 



First, do Steo 1: The units are both feet so they don't need to be changed. 



Then, do <;r fr 



4.3 

258 
123 
15.43 



AlKt rflCT Stpp,_l: Feet times feet - square feet 

So, the answer is 15. A8 square feet 

Here's why: 

• A. 3 ft. x 3.6 ft. is the same as (A. 3 X 1 foot) x (3.6 x 1 foot) 

• When you group numerals and units you gee (A . 3 x 3-6) X (J foot X 1 foot) 
9 Then multiply and you get 15.48 X 1 square foot 

• Which equals 15. A8 square feet 

After the three steps are completed, you can round off the answer if vt 
need to: J 



15. AS sq. ft. to the nearest tenth ■ 15.5 sq. ft 
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EXAMPLE PROBLEM 3: 18 inches x 2.3 feet = ? sq. ft. 
— . (Rounded to the nearest tenth of an inch.) 



rirSt ' ^ St6P 1 : %^ c ! h ! h UnitS «" the — • ^ this case they are 

not. Since the answer must be in square feet, you must 
change 18 inches to feet. Here's how: 



18 inches - 18 x 1 inch 



18 X J- foot 
12 



(because 1 inch ■= ± foot.) 

IZ 



E 1.5 feet 
S^P 2 = Multiply numerical parts. 

1.5* 
3.4-5 
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Po StgP-J.: Multiply the units. 

1 foot x 1 foot « 1 square foot, 

and 18 inches x 2.3 feet - 3.45 sq . ft. 
Then round the answer as necessary: 

3.45 sq. ft. - 3.5 sq. ft. (to the nearest tenth) 

DIVIDING 

Division with measurement numbers requires rh* cnmo , i 

as multiplication. Look at Example PrcblL 4 Wleh UnitS 



EXAMPLE PROBLEM 4: 4.32 sq . ft. -f 3.1 ft. = ? 

(Rounded to the nearest hundredth) 



- St '°° StCpl: J}? ~" a " the I- this problem, the 

units are both a form of feet so they'll work with division. 

gg- s t e P 2: Divide the numerals. 

4.52*5.1- ilJO^O 

LJ lj 

3 j 



I I Z 
95 



1 



3-.JI 



ISO 
_Z79 

I i 
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Then do Stop Divide the units. 

sq. ft. -r ft. « (1 ft. 'A 1 ft.) -f (1 ft.) 

" 1 ft. X 1 ft. 
1 ft. 

- 1 ft. 

Then round die answer as necessary, 

A. 32 sq. ft. ^ 3.1 ft. - 1.39 ft. rounded to the nearest hundredth 



EXAMPLE PROBLEM 5: You have measured a piece of sheet metal and found it to 

be 16.43 inches long and 3.25 inches wide. How many 
square feet is the sheet? Round to the nearest hundredth 
of a square foot. 



Ste P 1- The units are the same. 

Ste P 2: Multi-ly the numerical parts. 

16. A3 x 3.25 » 53.3975 
Step 3: Multiply units 

1 inch x 1 inch - 1 sq. in. 

Since the question asks how mai square feet, you must change your answer 
to square feet. " 

So: 



SS.Z91S m s 53.3975 X 0 in X I in), 

12. 



= 53.3S75 X (1 <4 X 1 Jf) 
12 12. 

. S3. 3975 * (tftx Iff) 
!44 

r 0.3708 Sqff 

= 0- 37 fo nearfeiT rumdrsdfli 
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CHANGING DECIMALS TO FRACTIONS - TOLERANCES 

A common Shop Problem is to rewrite a decimal number to the nearest 32nd 
or 64th of an inch. Then you must determine how much error is involved 
in using the fraction number rather than the decimal number. Look at 
Example Problem 6 and Example Problem 7. 



EXAMPLE PROBLEM 6: What is the fraction, to the nearest 32nd of an inch 
equal to 0.462 inch? 



The rule is to multiply the decimal by the fraction 3Z 

32 



0.0462 m 0.0462 in / 5Z 

32 

c 0.04-62 X32 , n 
32 

* 14.784 in - 

3Z 

m VS m _ 

32 



Round the top number 
to the nearest unit 

Rounded to the nearest 
32nd of an inch 



The error involved is the difference between 



J_ST in. and 14.764 'n. ; or IS — H-.7S4 ir>. 
52. 32 SZ. 

dnci i£T — 14.784 s O. 2<6 «n. 
52. 3Z 

= o.oo675 in. 

rounded 4"© *) 
nearest -f^n- +Wc>us<m<Wn . 



erJc 
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EXAMPLE PROBLEM 7: The specifications for a bracket you are building can 

for a hole 0.637" t 0.005". Will a 41" hole be within 



the required tolerance? 



64 



0.fc37in X 64 
64 



* 0.637 x 64 m 
= 4Q.768 

^4 "" m Round to nearest unit 
■ ( A\_ in 

£4 "* Round to nearest 64 th inch 



Therefore the error is: 
4-1-4Q.768 m = Q.252 >n 

s 0.003625 in 

- O.O056 in -m 



Rounded to nearest 
ten thousandth 



The specification tolerarfce called out was ± 0.005". Your error when 
using Q hole is 0.0036". You are within tolerance because 0.0036" is 
less than 0.005". 



If you have any questions about the Example Problems, see your Instructor 
Otherwise, work the Shop Problems beginning on the next page instructor< 



15 
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SHOP PROBLEMS 

You are working from a sketch ci a certain pare that calls for a length 
of 0.769 inches and a width of 0.353 inches. Y ou wish to use a rule that 
is marked off in 32nds of an inch. What will you new dimensions be 
measured in 32nds of an inch? 



Width 



How much will it cost yc. cc SU v a :. eC e el sheet metal that measures 
42.5" by 90.7" if the metal ccs.s per square foot? 



On your job, you ere using a certain type of bar stock that weighs 
1 pound 4 ounces per inch. When you finish the job, you find you have 
used 78 inches of the stock. If the stock costs 37 C per pound, how 
much do you charge for material? Remember: There are 16 ounces in a 
pound . 



Ccer lay* szo: 



The decimal dimensions of a machinists taper jrage are given in Figure 1 
below. Your boss asks you to lay it out using 64ths of an inch. Can you 
use 64th of an inch and still be within tolerance? 



Yes or m 



0.487 ± 0.005" 




3.255 ± 0.005- 



I 

Figure 1: Tzrer seize. 
3-Ub 
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5. Your supervisor gave you a sketch to lay out a brace for a bracket assembly. 
Look at Figure 2. Calculate to the nearest 64th of an inch the length, % 
width and hole diameter. , Your supervisor told you not to worry, about 
tolerance. Lengt h 'w idth. Bole diameter 



0 

ERIC 



drill 0.2S£*> 




Figure 2: Bracket brace. 

6. Your boss asks you to cake a lid for a storage bin You 
don't know the dimensions of the bin but you know the bottom is a square. 
Also, you know it is 6^ feet high and has a volume of 101,088 cubic inches. 
What are the dim ensigns of the square lid? 

Dimensions ■■ "fry 

7. On your job you must make a shim to help position two parts. They are 

supposed to be 0.008" apart. Your supervisor measures then as ~ 

32 

apart. How thick should you make your shim (to the nearest thousandth of 
an inch)? shiT thickness :_ 

8. A certain dimension on a taper gage drawing is given as 0.348". Your 
only rule is marked off in 32nds of an inch. What will be your error 
to the nearest ten- thousandth of an inch' 



/ 



SHOW YOUR WORK 70 YOUR INSTRUCTOR 
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PROJECT SHEET 



Name 



Date 



Caster Metal Trades 



.Occupation Machinist Helper 



Training Module Shop Math for Machinists 



Training Milestone 2. Math for Measuring Instruments 



TRAINING 
CONDITIONS: 



PROJECT 7 
WORKING WITH METRICS 

Here's what you will need: 

1. This Project Sheet. 

2. A pen or pencil to answer the questions 
in this Project Sheet . 



TRAINING 
PLAN: 



Here ' s what you do: 

In this Project Sheet, you will learn how to 
use the metric system of measurement. You will 
alsc learn to convert from the English system 
1 inches, feet, yards, pounds...) to the metric 
system. You will work some problems of the type 
you will find on your job. This work will help 
vou use metric tools accurately and to apply 
^heir use to Practical shop problems. 

1. Learn :he units of the metric svstem and 
study the sample problems on pages 2 to 
Q of this Project Sheet. 

2. Work the Shop Problems on pages 10 to 22. 

3. Have y-ur instructor check your work and 
record your score on your Studerr Train- 
ing Record. 



Ask vc ur 
Sheet . 



Instru'* tor 



>ur next Project 



ERIC 



TRAINING 
GOAL: 



here's how well yru nuq dc : 

1. You must score 8 our of 10 correct on 
the Shop Problems. 
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THE METRIC SYSTEM 

The United States is steadily changing to the metric system of measurement. 
At present, 95% of the world uses the metric system. Therefore, it is 
important for you to know this system* Also, knowledge of the metric 
systen will give you an edge in the job market* 

The most common units in the metric system are those for length, distance, 
speed, weight, volume, area and temperature. In this Project Sheet, you 
will mainly work with length, distance, weight , volume, and area. Time 
units... year, day, hour, minute and second... are the same in the metric 
system as in the English system. 

The basic unit of length in the metric system is the meter, pronounced 
meat-er, and abbreviated . m. One meter is just a little bigger than 
one yardl All other units of length in the metric system are defined 
in terms of the meter. These units differ from one another by multiples 
of ten. For example, the centimeter, pronounced sent f -a-meat f -er , and 
abbreviated cm, is defined as exactly one-hundredth of a meter. The 
kilaneter, pronounced kill-ah f -mutt-er , and abbreviated km, is defined 
as exactly 1000 metera. 



< C*n*,m*W (cm) =r J_ pf a m6 | er s 0#0J m ^ (m) 

loo ' 

i kilomeffcr (km) - looo meters ( rn) 



Because metric units increase or d< .rease by multiples of ten, they may be 
named by using prefixes attached to a basic unit. For length, the basic 
unit is meter. 



ERLC 



METRIC 
LENGTH UNIT 



kilometer 

hectometer 

decameter 

meter 

decimeter 

centimeter 

mill imeter 



PREFIX 



kilo- 

hecto- 

deca- 

tieci- 
centi - 
milli- 



MULTIPLIER 



1000 x 1 meter 
100 x 1 meter 
10 x 1 meter 
1 meter 
0.1 x 1 meter 
0.01 x 1 meter 
0.001 x 1 meter 



154 
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LIKE MONEY 



$1000 

$100 

$10 

$1 



» uc 



ic 
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CONVERTING METRIC LENGTH; 

The prefixes and their multipliers in the chart on the previous page are 
important for you to know. They are the sane for all basic metric units 
sucn as the Ixter and gram, as well as the meter. The units of lengtn v 0 u 

. use most often are kilometer, meter, centimeter and millimeter Figure 
1 v_l help you to renemoer how to convert from one to the other. 



multiply 
mcHrs to <^t\ 



dwicie meTfcr$ 
To 



{ kiiomefer - \ooO meters 




\ 



more ihon 
OWE. METER 




i rn - i oo c m 
t cm R JO mm 



i cenlimeter _ I of a mcUr 
100 

I rnfllimeier - l_ 0 f a meftr 

1000 



INCHES TC FEET TO YARD: 



The metric system is much ea-.ier to work with than the English system. Here's 
factors. F or sample, here is hov vou'^VcTanYe 13^cT.7"t." "s^ 



137 



in . 



= I37x±ft. Sift 
l£ IZ 

36 T 



As you can see. you must divue bv 12 to go from inches to feet, and divide 
by 3 to go rrom feet to yard,. You nearly always get clur.ey fraction': 



A of 12 



The metric system is much simpler to work with. The same length can easilv 
be converted. (137 inches equals 348 cm.) Look at Figure 2 * 



100 cm *lm 

| F 

348 on = 3.46 



i—1 



m 



ro 4» vidt by' i©o, movft +he d<rc\rna j 



Figure 2: Conversion from cm to m. 
You may al o use the unity conversion fractions to convert metric measurements: 



$48 cm * 346 x 



- 3.48 m 



-1 rrt « loo c 
4hert-f"©r£ 

loo cm 



m 



erJc 



Now, you try some examples: 

' a- 147 cm « a b. 3.1a»_ ra 

c - 21 cm « m d . 11.65 m * ^ cm 

e - 210 m " m f . 109 m ■< km 

If you did not write the answers directly by shifting deci=u:l points, you 
can follow through the above examples by using the unity conversion fraction* 
shown on the next page. 



15 C 
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a. 147cm s I47c^i * \ m 

too 

»oo 
= 1.47 m 



b. 5.1 



m 



s 3". l\i x loocm 

s 3.1 x loo cm 
= *5 10 cm 



c. 21 



cm 



21 x 1 



- 21 rr> 
I CO 



l©oc\^» 



J. 11.65 



m 



* I |.6SVi x loo cm 

« 1 1.&5 x joo cm 
= 1165 cm 



£. 2lomm 



- 21 o fajri x )m 



- 2)0 m 

IOOO 
= 0.2!Om 



*looo 



rn 



f. loPvn 



1 ° 9 \ X 11cm 

IOOO ^ 

» IQg km 

IOOO 
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To convert from the English system to the metric system, or from the metric 
system to the English system, you can use the conversion factors shown'in 
the tables on the next tvo pages. 

It would probably be a good idea for you to cut these four tables out of 
this Project Sheet and put them in your wallet for future use. 
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APPROXIMATE CONVERSION 


FACTORS: LENGTH 




When you know 


You can find 


If vou multiolv bv 


inches, in. 


millimeters, mm 


25.40 


inches, in. 


centimeters, cm 


2.54 


feet, ft. 


centimeters, cm 


30.48 


feet, ft. 


meters, m 


0.3048 


yards, yd. 


meters , m 


0.9144 


miles, mi. 


kilometers, km 


• . UU JO 


millimeters, mm 


inches, in. 


0 03937 


centimeters, cm 


inches, in. 


0.3937 


centimeters, cm 


feet, ft. 


0.0328 


meters, m 


feet, ft. 


3.2808 


meters, m 


yards, yds. 


1.0936 


kilometers, km 


miles, mi . 


0.6214 


Table 1: Conversion Factors' Lencih 




APPROXIMATE CONVERSION 


FACTORS: AREA 




When you know 


You can find 


If youTiultiDlv bv 


square inches , in. z 


square centimeters , 


cm 2 6.452 


square feet, ft. 2 


square meters, m a 


0.093 


square yards, yd. z 


square meters, m z 


0.836 


square centimeters, cm*" square inches, in. z 


0.155 


square meters , m 2 


square feet, ft. 2 


10.764 


square meters , m 2 


square yards, yd. 


1.196 




CcKversicK Facrrrs: Area 
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APPROXIMATE CONVERSION FACTORS: VOLUME 






When you know 


• uu Ldii Ti no 


If 


you multiply by 


cubic inches, in. 5 


^uu i v» Lcii t i meters , 


cm 5 


16.387 


cubic feet, ft. 3 


li tPr* / 




28.317 


quarts (liquid), qt. 


liters J? 




0.946 


gallons, gal. 


litpr^ P 




3.785 


cubic yards, yd. 5 


Pi'ki ^ ftiA ^ n m «* n* ^ 

cud i c meters , m 




0.765 


fluid ounce, fl . oz. 


\m uu I l. cent ime ters , 


cm 3 


29.574 


cubic centimeters, cm 5 


^uu i u i ncnes , in* 




0,061 


liters, jg 


ruhir "foot -f> 5 




0.035 


liters, j£ 


Quarts* Qt 




1.057 


litpr«; ^ 


gallons, gal. 




0.264 


cubic meters, m 


cubic yards, yd. 




1.307 


Table 3: 


Conversion Factors: 


Volume 





APPROXIMATE CONVERSION FACTORS: WEIGHT 


When you know 


You can find 


pounds, lb. 


kilograms, kg 


ounces, 02. 


grams, g 


tons, T 


kilograms, kg 


tons, T 


metric tons, t 


kilograms, kg 


pounds, lb. 


grams, g 


ounces, 02. 


kilograms, kg 


tons, T 


metric tons, t 


tons, T 



If you multiply by 
0.454 
28.350 
907.19 
0.907 
2.205 
0.0353 
0.0011 
1.102 



Table 4: Conversion Factors: Weight 



9 
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j Exomplc Problems | 

A. Trom Table f. Conversion Focfors: Lencfth 
t. Corwerf 4.SY«jfoin 
A3 X (0.9144) M 3.93* (rounded) 

— Z-_ . t , x 

Y°° kn H [mulfiply by] | you con find 



ERIC 



2. Convert 2.4tw 4o m., -fir*}- convert me*«r$ fe> W 
2.67* C5.2SO). 8.7576 ^ +hen converf «- +o 
8.7S76 x 12. ~ ^os.09 in . (rounded) 

B. From Table 1. Gmver^ion Factors : Area 

1 Convert- 32. 5 ft 2 io m 2 

52.5 x (o.oss) s tS.OZ (rounded) 

2. Convert &5.75m 2 to yd 2 

&3.7S* (Ugfe) a _76.2S yd* (rounded) 

C. From Table 3. Conversion Factor*: Volume 

4. Convert- 672 ft 5 h> m 5 - W Corwfcr+ ffS W<f 3 
672 * (^yd) X (± ytf) t fXyd) . £72. yd 5 

4-hen Convert yd 5 -to m 5 
&7Z x (o.76S) ^ 57- f 2 ' 

2. Converf Z3.8j.fo goi 

23.8 X (0.264), (rounded) 

b. From Table 4. Conversion "Factors-. WeigM- 

I Converf 1.51b to 9 , W convert lb to (l lb, U>oz) 
1.5 x l& b 2Aox } Vnen converf 02 fo q 
2A% (28.35) s feeo.4g 

2. Convert ZZ.4& k 4*© lt> 

22.44 x (2.205)= 4£ t £2Jk (rounded) 

3-144 
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DUAL DIMENSIONING 



83 1 lm m 



1 

4oi 1 mm 






15,88 mm 




O.fcB" 


1.57 ± O.04' 

1 

t ... 


[ ^ 





Ihii moY bt wrijltnos 
851] mm/3.27+0.04" 



czneris'^onina . 



9 
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In Figure 3, note that the metric measurement is vrtt-f-n f-t . 

of the fraction oar. Dlaaeter ^ slon TTrl SZtTJTsZ™**' 

Kov you can do the Shop Prohleas a -.arcing on the next oase Tf m v 
qUeStl0 ° S * b ° Ut the - --3. P"b!eL see^VLTruetor. 
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SHOP PROBLEMS 

1. You are given a sketch of a gage to lay out. Before you lay it out, 
your Instructor wants you to complete the dimensioning on the sketch by 
using the rules of dual dimensioning. Look at Figure 4. Find dimension 

}° tne nearest ten-thousandth and dimensions r C" through "S" to the 
nearest hundreth. 



lioze: K end L have been left cut purposely. 

100 MM 




Figure 4: Dual dimensiont 



2. A certain piece of sheet metal costs S3.&8 a square foot. On vour job 
you used a total of 128 m. What was the cost of the sheet metal? 



Sheet metal cosi 



9 
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3. You have T,acS:r,ed a certain bracket piece. The specification 

called for its final thickness to be 10 + 0.05 mm. You measure it with 
a vernier micrometer and find it to be 0.3960". How much more do you 
need to remove to bring thv> piece within tolerance? (Hint: Round all 
conversion computations to four decimal places.) 

'-.'etc" ic ver.ovc 
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Is 1 K- H<\ v J° Ck C ° Mke Sp3CerS - &eh "P" c «. deluding waste, 
is 1.45 thick. You have made 347 of them. If the bar stock costs $32 SO 
per oeter, what is the total cost of the stock' 



So:* StOCK cost 



You are getting ready to ship a lathe ic Europe. The dimensions of the 
box are shown in Figure 5. The receiver in Europe needs to know the 
volume of the shipment in cubit meters. (Him : Change the dimensions to 
yards before you use the conversion table shewn on page 7 of this ''rojecr 
Sheet . ) 

Vclur.e iK cubic meters 




> 
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On your job, you have machined. and polished 250 gage blocks. Each gage block 
weighs 0*075 kilograms* If the steel you used costs $32*50 per pound, 
what is the total cost of the steel for the 250 blocks. 

Cost of steel 

7> You have measured a piece of bar stock to the nearest hundredth of a meter 
and found it to be 4.75 meters long. How many centimeters long is the 
pipe? How many millimeters long is the pipe? 

Pipe length: Centimeters millimeters 



8. You have just finished a gage for a machined part. The specification 
called for one of its dimensions to be 3.475 ± 0.0025 in. You measure 
it and find it to be 88.32 mm. Are you within tolerance to the nearest 
ten- thousandth. If not, are you on the high side or the low side? 

Tolerance: Yes or no if not^ high or low 

9. Sheet metal costs $22.50 per square meter. You have used a piece th^t 
measures j> feet long by 9 inches wide. How much did the metal cost? 

Cost of metal 



10. Your boss wants you to order a special paint. You find thzt there are 
two comp. es with the paint you need. The Ajax company sells it for 
$7.50 per gallon. The Smear-It-On company sells it for $2.00 per liter. 
Which is the best buy, Ajax or Smear-It-On? 

Best buy 



SHOW YOUR WORK TO YOUR INSTRUCTOR 
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PROJECT SHEET 



Name 



Date 



Cluster tal Trades 



Occupation Machinist Helper 



Training Moduie ?hor .Mach for Mac hinist; 



Training Milestone ^Speci alize d Math Skill* 



TRAINING 
CONDITIONS: 



TRAINING 
PLAN : 



"RAINING 



GjAL : 



PROJECT I 
SHOP ALGEBRA: PART 1 

Here T t> wna t yen w i] 1 need : 
I . This Pre Ject Sheet . 



2, A pen or pencil to answer the problems in this 
Project Sheet. . 



Her «. ' s vha t you do : 

In this Project Sheet, you will begin your review of 
basic algebra. This review will include the addition, 

subtraction, multiplication and division of simpler 
algetraic ^rressioxis. You will apply your knowledge 
cr simple algebraic formulas to solve a great variety 
of practical mac! mis: shop problems, 

1. Read and study pa^es 2 to 16 of this Project bneet. 

2. l-ork the Shop Problems on pages 19 to 21, 

3. Have your Instructor check your work and record 
your 5>core on your Student Training Record. 

A. Ask your Instructor for your next Project Sheet. 
Here*? now well yoj nust dc : 



1 v 



ou must sccre 8 cut of 10 correct on the £>o' 
Problems , 1 
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SHOP ALGEBRA : PART 1 
THE LANGUAGE OF ALGEBRA 

The most obvious difference between algebra and arithmetic is that in 
algebra letters are used to replace or represent numbers. A mathematical 
statement in which letters are used to represent numbers is called a 
literal expression. 

Most of the usual arithmetic symbols have the same meaning in algebra as 
in arithmetic. For example, the signs for addition (+) and subtraction (-) 
are used in exactly the same way. However, the arithmetic times sign (x) 
looks just like the letter x. That would be confusing in expressions with 
letters. So, in algebra, other ways are used to show multiplication. The 
product of two algebra quantities c and d (c tines d) may be written in 
any of the following ways: 

Using a dot cd 

With parentheses (c)d or c(d) or (c}!&) or (cd) 

With nothing at all cd 



For example: 6 times c = 6b 

8 times s times v = 8sv 
A times x tinies x = Ar ^ 

Note that x times x is written as r ^ 



Similarly x tir.e? r t:r.«s 



5 



x times x times x tir.es x = x^ and so on. 

Parentheses () and brackets [j are used to shew that whatever is enclosed 
in then should be treated as a single cuantit". 

(3ax M ix-c) Z z f should be thought of ab '^^cihir.c ' 2 . 



Similarly, the expression (2r * 3- - - - \r z - 2 ,» <u: 
(first quantity) * (second cuancit" . 



t thought of as 



In arithmetic, you write divided b- as 2/48 or 48 - 2 , but this wav 
of writing division i« seldom ^eJ. Ir algetra, di\is:-n is usual; v vrritter 
as a fraction: 

*~ divided b v u »r*ci*.^ 

(2> - I) divided fcv - : ; - •• - u a/ 



l ^ vr i " f 



C - 0" 



i-l 
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Look at: the following examples: 
1. 8 times (12 + 1 ) = S(2a + * ) 



2. 
3 . 
4. 



(c + c) tines (: - s (.: * : j i~ - I) 
- d ivided by = — 

(- -r 2) divided bV 1 2? - 1 1 = i r * 2) - 

(2r - 1) 



The word errr*Vtf ' ». is used very of t«. ir. algebra. An expression is a 
general name for any collection of letters and numbers connected by 
arithmetic signs. For example: 

- - A --2 w .2 A , ■ .3 

' " - * • u — ; < '• " »/' are all algebraic expressions. 

If the algebraic express, :t. 1* made op c - quantities that are to be multi- 
plies, each multiplier 1* .a! - • a »f the expression. 



Expression 



Factor 



3~ 



AL3E2&A operation: 



J and .' 

2, and (r * i) 
{: - 1) and (= - : 
2 . , and ; 



. r.ere are tr.ree sim; 



pra-tica. t 



: ' trra::: - ir-ust understand and learn 
T*^se operaticrs are: 



-c^n*: arc sur era* ting 1 1 k< terns, 
r.xarrle: : , - = 7 - 
LDerat:o r 2: Adding and subtracting expressions. 

Operation 3: Multiplying simple factors. 



Look at thee in crcer. 
Operatic^ l* kcdirz arc: 



2X 



and 



numerical 
parf 



literal 



5Vc 



numerical 
pari 



porf 



are like terr.s 



itte iitera* par : 
j is the sane for 
I b^tti terr.s. 
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The number multiplying the letters is called the numerical coefficient 
of the term* 





numfcricol 


1 


Coe-ff icienf 






"Some hferal 



are like terms. 



But 





numerical 












1 



3x : 



different liTtral 

par*f * 



2* 



are unlike terms. The literal parts 
x and x z are different. 



To add cr subtract like terrs, add or subtra^ 
and keep the same literal part. For example* 



their numerical coefficients 



2 + 3 = s| 

i — i — r 

t t t 



ier€, »:ke -titles are beir.e added 



Another example: 
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-3 =5 



8 

i ? — r 

8ax z - 3ax a =. 5a* 1 
w-> 

— i I L_ 
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Example Problems : 



£ X + 4x - 2X = JTx 

4. 2ax -ax i-Sax = 6gx 

6! 8x i -t-2xy-2x i = £>x 2 -r-ZXY 

6. 4vy-XY + 3 *Y = 6 *Y 



In general to simplify « series of terms being added or wbtracted-f irs* 
group together all the like terms, then add or subtract. ' 

For example: 



5x -V 4y - % -V 2Y-V 3X - Sy becomes 
(3X-X -r 3*) -r(4Y-r 2 Y-3Y) «=5x + 3y* 
1 t 



be careful no4- 
4-o lost +ht 
ntga+ive sign on X 



be care4ui nof 
■Ve> lose -rhfc 
rlfcac-nvt S\qr, on Y 



Example Problems : 



f. 5x + 4XY-2X -3*Y « ($"x-2x) -4- (^xy— 3xY)* 

~ 5X -r XV 

Z 3ab* + a*b -ab x + Sa^b* (3ab z -ab x )-r(a l b-f3a x b) 

- ZabH 4a *b 

a Cx-ax-x)+(2Y-Y4ZY) + (-3z+5'z-z) 

4. I7pq -f 9pS-£>p^+ ps-6ps- pcj 

= ( 17 P c l- 6 P^-pq) + (Sps-vps-fcps) 

«r lOpcj-r-4-ps 

£ 4x i -X i + 2X+2x 1 -fX = (4x , -X x +2x 1 -)+C2x + x) 

- ^x^+SX 
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Operation 2: Adding and subtracting expressions. 

Parentheses are used in algebra to group together terms that are to be 
treated as a unit. Adding and subtracting usually involves working with 
parentheses. 

For example: To add: 

(<J+b) + (Q + d) 

Fir-,f: remove porfcn+kfcses (&+b) + (04d) 

= O + b 4 Q 4d 

Second : ^d hkfe 4-ernrvs = Q4a4b-f<d 

2d 4 b4d 

You should be careful when you remove parentheses. It can be tricky. You 
need to remember these two rules. 

Rule 1: If the parenthesis has a plus sign (+) in front of it, simply 
remove the parentheses. 



9 
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I 4- (3* + y) = 1 + 3*+ tj 
Example ^ 



Same 



1 T 

L 



LefS T*?Lice These 



^^e'U barter 
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Rule 2: If the parenthesis lias a minus sign (-) in front of it, change 
the sign of each term inside, then remove the parenthses. 



Exarh pi* t 



chancjfc «sign from 

i . 

1 t 



change ,Sl 9 n ^ ror n 
4* to ~ 



ExOrtipIt : 



change 6tgn& 



Q - 



7 ; f 

(ZX-YJ = + Y 

J t 



chancy .$i<jn*> 



Change Signs 

i 



Example: 5-(-2a +b) = 5~+2a-b 

I t 



change Signs 



E*amplfc Problems 



J?. -1 - ( =: -4 -X^^ 

3. - (* + f) + (Y+z) = + V + 2 

= -X-VY+I 

4. ab-(a-b) s ab-a4b 

- ZY 

G. ~(-X-2Y) - (a-+2b) = *+2Y-a-2b 



9 
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Rule 3: 



Example: 



Example: 



Example: 



Example: 



JL'h 6 P" entheSi f ^ a multiplier in front, multiply each term 
inside the parentheses by the multiplier. 

+2(a + b) « +2a + 2b 

Think of this as (+2) (a + 2>) = (+2)a + (+2)2? - +2a + 2b 
Each term inside the parentheses is multiplied by +2. 
-2(x + y) = -2x - 2y 

Think of this as (-2) (x + y) = (~ 2 )x + (~2)y = -2x - 2y 
Each term inside the parentheses is multiplied by -2. 
-2(a - b) = -2a + 2b 

Think of this as (-2) (a - b) = (-2)a + (-2) (-*>) = -2a + 2t. 

(Remember that when -b is multiplied by -2 the sign comes out +. 
A minus times a minus equals a plus.) 

-(x - y) - (-i)(~ _ 

- (-D(x) + (-l)(-y) = -x + y 



Notice that you must multiply every term inside the parentheses by the 
lot?^ d V he P* ren \ hes "- Once the parentheses have been rLved 
you can add and subtract like terms as explained in Operation 1 on pages 
3, 4 and 5 of this Project Sheel, 6 
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EXAMPLE PROBLEMS 

Simplify the following expressions by removing parentheses. Be sure you use 
the three rules. 



Example Problems : 



{. 2(2)4-5^) = 4x-£>y' 

2. I - 4Cs+2r)= i-4x-8Y 

4. X*-5(x-V) = X^-Sx + SV 

5. X-2(-Y-2x) = X*+2V+4x 

6. p*-2(-p-St^p^ 2 p + fc> t. 



Once you can simplify expressions by removing parentheses, it is easy to 
add and subtract them. 

For example: 

3x - y - 2 Or - 2y) = 3x - y - 2x + Ay Simplify by removing parentheses. 

- 3x - 2x - y + Ay Group like terms. 



+ 3y Combine like terms. 



Exompl* Problems : 



2. (2X4l)+S(4-x)-~ 2x-+i-+l2-3x = 2X-5)<+l-f IZ = -/+!3 

3. C^b)-(o.-b) = a+b-a-+b = a-a4b+b=2b 

4 2(a4-b)-2fd-b)-2af2b-2fl+2b« 2a-2d+2b-r2b=4fc> 

5. r(X4-y)-5Cx-V)=2x + 2r-5^-r5V= 7x^w+3r=-^5-/ 

6. 2(*+0-3(X-2)= 2x-t 2-3x4 = Z*-5x4-2.-f fe^-x+fc 

7 (K i -2X)~2()<-2X z )cX t -2^-2X-f4^ l =)< i 4-4-X )t -^-2 >c ^5^a„ 4 . ?( 
£ 8. -2C3x-s)-4<7-0 . -^ + IO-4^+4 =-^»X-4x-r ID+4«-)Ox4-l4 



ERIC 
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Operation 3: Multiplying simple factors. 

In order to multiply two terms such as 2r and 3zu, first remember that 2r 
means two times X. Second, recall that the order in which you do multi- 
plication does not make any difference. 

For example: 2«3«4 * 3 « (3-4). 2 

In algebra: a.f.<? = fa •<?;•£ = (c-b).a 

or 2-x -2-x-u-- 2 '3-x-x-y 

Rfemtmbtrf +h X 1 = X • X 

X 5 * x-x-x 
x 4 = x- x-x-x 

and 5o on . 
Thfcrfc-Wfc 2X • x 2-3- X-X'Y 

Th* -following 6jcamp| fe £ show how 4© multiply 4-Wo Wmi 
E/ornplfc d-za = a-z-a 

T 



6-roup liUe -factors 



= z- a x 
- za 1 



Exom^2. 2X X - 3^y= 2 X X- 2-X • Y 

= • Y 



= &■ x*-Y 
* 6xV 



£xompU 5. SX 2 -/^- 2*Y = 3 • X • X Y- Z • 2 • x • Y 

= 5-2- X- x x • Y Y- Z 



t L_i 



}M. 3-1 58 J7-J 



11 of 21 



EycmpU Problems : 



i. xy = xy* 

z zx-sxy* zxr-xy- 2-5 xx-Y* iox*Y 

5. 2X*5x a 2-X-5- X - Z -.3- x X = 6x 2 

4. 4a t b-2cj. 4-a-a-b-2-a = 4Z-a-a-a-b = Sa 3 b 

5. 3**^4*^= 3x yy4-X-Y-Y=3-4-x.x.*.Y.YY= IZX^y* 

6. Sxyz-2ux^i". x -Yz-2-d-x-X = 5.2-XX-X-Y-z-a- iox 3 y za 
7 5x-2y 2 .2x z ^3X-Z-yy-2-XX Y=3-2-2 XXX V.Yy-l2x5y3 
& X^^x-Y^x x Yy ^X.YY^Z x.x x y.YYV^ Z) <3y« 

9. 2x l fX4-3x*)=2x 1 .X-f2x i .3.< 2 -2 x x X + 2X-X-3 X X 

b z%aa + 2-3XXX-X 

= 2x3 + kx* 

10. -2a 2 b(a i - 3b 1 ) = -2 a.o-b.o-a + z-cx-a -b- 3.b-b 

» "2<»'fl'0'0.b 42-3-a-o-b-b-b 
* -Za^b + Ga^b 3 



MULTIPLYING NUMBERS IN EXPONENTIAL FORM 



ELy.ponerrV 



X ~ ^ • x * x^ , . . x 

v — ^ * 



(n -fgcfors) 



EXflrnplfc'S: 

2. X' *X 

3. * L 

4. * 5 « X • X - X 

and so on 



Rule 1: To multiply numbers written in exponential form having the 
base, add the exponents. 



same 



9 
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J-G3-, 

X™ • X" <: X™* 
t j j 



Sam* base 



"Example : 

x a - x J = X 
* X s 
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Rule 2: To divide numbers written in exponential form having the same 
base, subtract the exponents. 

X" 1 X" 1 "^ Example: 

* x+ 

Rule 3: Use negative exponents to indicate a reciprocal. (Remember that 
a reciprocal of a number is simply 1 divided by that number.) 



%~ n Example; * * J_ 

* n X 5 



Example : Z~* g L. 

Z 

With these three rules the ten example problems on page 11 should be much 
easier and quicker for you to work. For example, look again at number 9 
and number 10. 

= ~za + b + toa x b ? 



ERIC 



EVALUATING FORMULAS 

One of the most useful and important skills for shop work involves finding 
the value of an algebraic expression when the letters are given numerical 
values. A ftvz/la is a rule for calculating the numerical value of one 
quantity from the values of other quantities. 

Here are a few rules and formulas that are used in the 
metal trades. 

1. The rim speed of a pulley, in feet per minute, equals the circumference 

of the pulley in inches times the speed of the pulley in revolutions &k 
per minute divided by 12. 

Formula: S ■ 1 7fj 

3-160 
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2. The unit stress, in pounds per square inch, equals the external Kad 
ILli i* ln pounds > actin ? u ? 0n the body, divided bv the cross- 
sectional ar^a upon which the load or force acts, in' square inches. 

Formula : S = - 
A 

3 ' I?r,h^- Ular Pl i Ch .° f 3 fuU dep£h t00th «« r e < uals Pi times the 
pitch diameter divided by the number of teeth. 

Formula : P = 

N 

Evaluating a formula or algebraic expression means to fine Its value bv 

q a' lT^?r r ber f f' 0 letter£ ln the ion. L example is the 

equation for the volume of a cylinder. Look at Figure 1. 




radius »- 



VsTTr'h, where \/= v/olume m cubic mches 

r=ra^,usm inches 
h^= heicjhf in inches 
TT= 3.14- (rounded) 



>in. 



Find 4h 6 V/olume */ i / lh e radiu s r = 5, 
and +h«- hfcighf K = |4, n . 

V^Tr^h =^^(3 ,, X5 ,, Xl4 ,, ) 
= 3.l4(S.n 1 X»4m) 
= 555.84- in 5 



ERIC 



Another example is the formula for the .rea of a trapezoid. Look ar 
r igur e l . • v 



h- c — «\ 




A= h ( b + c) j wnfe re ^ B 0rea (n Sc|Uorfe |nch ^ 
2 h = he ighf in inches 

b = lon<j base in inches 
C - shorf base in inches 

F.nd +he ar ^ A l4 h.s,^ b=<Bm QndCK4 . ln 
A - (5)L(S)-r(4)3 = (5)(S4-4) 
-2 2 
5^2) , SL s iS^uore inches 



Figure 2: Area 



tr:r cz: 
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Note that in both examples, Figures 1 
numbers being substituted were placed 
the formulas, and then the arithmetic 



and 2 on the previous page, the 

in parentheses, then substituted in 

was done. 



ExornpU : R n< j + 2 &>r / « S 

A- izs+z )«— doar '^^.c 
A s 127 

5 = (4) -«* — p u f 4-hfc numbferi in parerilWis 
5= 36-16 i 



Using parentheses in this way nay seem like extra work for you, but 
is a sure way to keep from making mistakes when evaluating formulas. 

Vhen you evaluate formulas, renenber the following helpful hints: 

Hint i: Do the operations lr.sioY r.c parentheses first- 

J L 



l>o 41.. i, -fir^i 



Example : 4(3+5) = A -8 = SZ 

_t L 



bo firsf 



L'.e fcrr.ula cent 
eolations 



•vera, set 



parentheses, do the 



• euch set f\rst, the-- combine their.. 



n 



Exompte: (2+ 5) - (4- '.) = S -5 = 2. 

'T 



-rhfcn 



1? 
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Hint 3: If the formula contain a square, cube, or some other power, find 
t the value of the factor first. 

ExompU : A - S.I4- R a , R-5 

A - S.\A- (5) 1 "- : 4<n<i 4hi«, Value -firsf 

A = 3.14- (9)-*- 4hfcn rnul-riplY 

V 28.26 

✓ 

Hm: 4: if the formula is the sum or difference cf terms, find the 
numerical value for each term first, then add or subtract. 



ExompU : P » db-S 5t , fl=3 < b = -4,6=2 

j 4his -fir&f 

P= C5)(4) - f2) 2 - s 4h*n 4-n.s 

P= 12-4 «* Sub4-racf |a&+ 

P* S 

Hint 5: Unless parentheses tell you to do otherwise, do multiplications 
and divisions before adding or subtracting. 



muilj^ly -firs! 



To sumarize: v 

1. First, do any operations inside parentheses. 

2. Then find all powers. 

3. Then do all multiplications and divisions. 

4. And finally, do all additions and subtractions. 



ExampU Probkm: Evaluok 4h & -formula W* D (Ae>-TT^ X ) M 
... -for a nd H = 



io. 



W = J><A&-tt**)h » 8(6-6 -3.«*-2*)io =8(^8 -3.14-4). O 

= 8(48-i2.5"G)lo 

« e.(3r:44-))o 

= 285.5-2(io) 

- 2855.2 
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EXAMPLE SHOP PROBLEM: To make a right angle bend in sheet metal, the length 

of sheet used is given by the formula L = s + y + T. 
Look at Figure 3. " 2 



T 



l 



Y 



XjYj and Tort 



Solve for L, when X = 6.ZS, SI.B75, 

4. Subs+i + u+<r known s/olueii 

L= fc.2S)+ (i 1.875) + (0-I2S) 

2 

£ Po vvork m pancm+ncrses 

L= + 11.875+ o.ofo25 

L= IS - 1875 



FINDING SQUARE ROOTS 

One mathematical operation yea m^st know is hew to find a square rcct. You 
know that when you multiply a number by itself you get a square. For example 
7 times 7 = i9. You say that 7 squared = £9. W'ner you find the square root 
you cio the opposite. For example, if you want to fine the square root of 
64 you need to find a number that when multiplied by itself will equal 6~ , 

FINDING SQUARE ROOT WITH A CALCULATOR 

If you nave a calculator you can find square roots easily'. Nearly all 
calculators have a function that gives you the square root of any number 
or decimal number directly. 

OTHER WAYS TO p I ND SQUARE ROOT 

If v-u dc net have a calculator tnere are three other ways to find square 
r-rt*: (I) scuare root tables, (2) the " : >-~ arithmetic method, and (3) the 
. -~ arithmetic method. The tables of squares and square root are found 
in rearl'* any technical handbook and are self-explanatory and easy to use. 
T^e long arithmetic method is exact but very complex to learn. The short 
arithmetic method is simple and r u jck. Work through the step-by-step 
n*thcd shown on the next 2 pages. 
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EXAMPLE PROBLEMS - SQUARE ROOT (Using the short^UtoeO c^mettodT 
1. Find the square root of 89.67: ( ^89.67) 



Step 1. Estimate the square by using your knowledge of multiplication 
You know that 9 squared = 81, snd 10 squared - 100. So vou 
guess that 9.5 tine 9.5 is about equal to 89.67. 



Step 



Then multiply 9.5 by 9.5 to see how close vour estimate is 
9.5 X 9.5 - 90.25. You car. see that 9.5 is just a bit too 
large. 



Redo Steps 1 and 2 until you get the desired accuracy. For example 
since 9.5 was toe largo, try another number slightly smaller, say 9.'^. 

9.4 x 9.4 = 88.36 

9.4 is too small so try a number that is slightly larger than 9.4 but 
stui smaller tnan 9.5 which was too large. Try 9.45. 

9.45 x 9.45 = 89.30 

9.45 is still too small so try a slightly larger number, say 9.47. 

9.47 >: 9.47 = 89.68 

89.68 is w. thin 0.01 of 89.67 and is probably close enough. If vou 
need greater accuracy just continue the operation. 

2- Find the sruare root cf 128.5 ( J 128.5) 

Step 1. Try 11.25 since 1! x 11 = 121 and 12 x 12 = 144. 

Step 2. 11.25 x 11.25 = 126.56 which is toe small. 

Redo^Steps 1 and 2. Try 11.3. 11.3 x 11.3 = 127.69 which is still toe 

Try 11.31. 11.31 x 11.31 = 127.91 which is still too 'small. 

Try 11.33. 11.33 x 11.33 = 128.37 which is still too small. 

Try 1 1.34 . 1 1.34 x 11.3* - 128.59 which is too large but within 0.09. 
If you want greater accuracy continue the estimation. 

Try 11.335. 11.335 x 11.335 - 128.48 

Try 11.337. 11.337 x 11.337 = 128.52 

Try 11.336. 11.336 x 11.336 - 129.505 within 0.005. 



9 
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3. Find the square root of 0.564 ( J 0.564) 

You know that 0.7 x 0.7 » 0.49 and 0.8 x 0.8 « 0.64 so try 0.74. 
0.74 x 0.74 « 0.5476, too saail 
Try 0.745. 0.745 x 0.745 = 0.555 
Try 0.748. 0.748 x 0.748 - 0.5595. 
Try 0.75. 0.75 x 0.75 = 0.5625. 
Try 0.752. 0.752 x 0.752 = 0.565504. too large 
Try 0.751. 0.751 x 0.751 = 0.564001 within 0.000001. 




s 



lb. 



9 
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SHOP PROBLEMS 

1. Your supervisor wants you to find out how many minutes it will take 'a 
163 S£ the fo ra °ul 5 a"' CheS P " reV ° 1Uti ° n "» ft *™ " 



T = 



LN 
FR 



i ime 



Where T = cutting cine in minutes 
N = number of cuts 
L = length of cut, ir inches 
F = tool feed rate, inches per revolution 
R - work piect PP V 

n: i r. u t c s 



■ l°tVZ:>ir III ITT ":-v r.f*?:rr °f 5 «-»"• and s slant helght 

Cm the formula. * " Sl;, ' face area ' Look at "gar. 



\ S 



L = Trr S; wh, rfc L-Lak ra | Surface area 

ir= 3. 14 

r= radius of cone bose 
* 5>anf bsighf of con£ 



in 



xour doss asks you to la- 
\ou must find the lengrr. 



out the catterr as shewn below in Figure 5. 
- l\e enerc „. Lse the fcrmula. 




V 



H L 



chord 'en^fh ; £ - 7,75" 



and M » 2.55* 



Chord Ltng+h L 
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4. You must find the length L of a pulley belt that is used on a motor 
and pulley that drives your band saw . Look at Figure 6. Use the 
formula : 




4C 

4 = <Jiflrr*Ur ot Smol« pulley* 4" 
C s distance b*J-v*ecn larg* and hW\o\\ 
pulley* = 54>in- 



Pulley UngHi L - 



in 



^ ^ tr 



5. You need c convert a temperature of 278° Fahrenheit to degrees Celsius. 

Use the formula C « | (F - 32) , where F equals degrees Fahrenheit and C 
equals degrees Celcius. 



6. You are asked to find the pitch diameter E of a standard National Form 
thread screw. Use the formula: 



v 0.8662 _ r 



E = ntch diameter m inches 
M = reasurener. t over the wire = C-! 
N " number of threads per inch = l; 
G = wire diareter = O.Cc rT ' 



Your boss wants vou to lav cut the trapezoid as Shown in Figure 7 below. 
You need to find the height h. Use the formula. 





b cs" 



} where he heujhf 
b + O A= Oreo « 7© /n 2 " 

t> - J° n 3 bo$£r = Sin 



ERLC 
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8 ' llZ SUpe " visor asks y° u t0 ^nd the cross-section*! area of an »I« 
beam as shown in Figure 8. Use the formula A = he + ?a(m In) 



J L 



r 



m = o.25' 

n= 0.12" 



t = 0.21" 



± 



:ear. 



h=U25%J '"pound* -for one 



1 



grass (I4-4-) o-f- sfeel nvfcte. 



R-0.37S" 



Jbs. 



" rl '*> ^' ^ v.' »V fc ~ r C f It- J? ** *">"'** iT + 

10. To find the taper of a gage or part, the following formula is used- 
. _ 12(D - d) 

L » where 4 = "P" per foot in inches 

D ■ larga diameter in inches 
d = small diameter in inches 
L = length in inches 

Find the small diamter d if t a 1 <; -;^^v,„^ r» *# . 

iamcer it „ i#5 mches, D = U inches and L - 16 inches. 



-nones. 



SHOW YOUR WORK TO YOUR INSTRUCTOR 



BAS 
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PROJECT SHEET 



Name . 



Date 



Cluster Metal Trades Occupation Machinist Helper 

Training Module Shop Math for Machinists 
Training Milestone 3. Specialized Math Skills 



PROJECT 2 
SHOP ALGEBRA: PART 2 

Here's what you will need: 

1 . This Project Sheet. 

2. A pen or pencil to answer the problems in this 
Project Sheet. 



TRAINING 
PLAN: 



Here's what you do: 

In this Project Sheet, you will continue your review 
of basic algebra. You will review the solution of 
algebraic equations and ratio-proportion problems. 
This Project Sheet will also include son e equations 
for you to solve and some ratios and proportions to 
set up. You will apply your knowledge of algebra in 
solving many practical machinist shop problems. 

1. Read and study pages 2 to 33 of this Project Sheet, 

2. Work the Shop Problems on pages 34 to 36. 

3. Have your Instructor check your work and record 
your score cn your Student Training Record. 

A. Ask your Instructor for your next Project Sheet. 



TRAINING 
GOAL: 



Here's how well you must do: 

1. You must score 8 out of 10 correct on the Shop 
Problexis. 
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SHOP ALGEBRA; PART 2 



SOLVING EQUATIONS 



Ration looks like and hSTS^laSS £.3^-" *" ' ^ 
Each^value o f rte ^Lbi?!^^ *' '* V"'*" *» = 



Another example: 



2x - 9 
2(3) - 9 
6-9 
-3 



18 
18 
18 
-3 



7x the solution is x 

7(3) 

21 



= 3. 



and it is also true for x = 3 



Try these: 



Check: (2) + 6 = 5(2; 

A + 6 = 5-2 
10 = 10 

Check: (3) + 6 - 5(3) 
9+6=5-3 
15 « 15 



(a) 4 + x = 11 

(b) x + 2 = 9 

(c) x - 1 = 6 

(d) 8 - x » 1 



x = 7. Every equation has the 
same solution. If y ou replace 
the letter x with the number 7. 
all four equations are true. 



can". £ Tms flT°" " ith the VSriable 1 Is « 1« 



where 



□ 



is Some number 



For example, the solution to the equation 2a> 

because 2(4) 
or 8 



1 c ? is : * /, 
1 - 7 

1 = 7 is a true statement 



Equations as simple as the one above are easy to solve by guessing Bur 
guessing is not a very good way to do mathematics. You need some kind of 
rule that allows you to rewrite the equation to be solved, (Zx -1 = 7 for 
example) as an equivalent equation (x = 4) . 



Q 
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^VT™ 1 iS t0 treat 6Very e ^ acio » as a balance of the two sides. 

JLOOK ? t Figure 1. 



2* -fc> 









Figure I: Balcrjjine an er^ci-Jcn, ckanaes 
in the equation ~ust K?i distui'l t: :t balance 

Any operation done on one side of the equation must be done on the other 
side. There are two kinds of operations: 



• 



Example. : 

1. Ad^ 1 ^ or -Sub+racK 
tn<j a num be r on 
bo+h sides <A 
6^ua4*ion doers nof 
dnanye+ht balance; 



iplymcj or 
dividing (buf nol zsTo) 
by <3 number do^-s nol 
chan^e 4h£ balance. 
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+ 2 Z + 


b 






nn nn 














a - 




b-2. 


, n 




n 
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Here's an example: Solve x - U ■ 2 

Step 1: You must change the equation so that only x remains on the 
left, so you add GO to each side of the equation, 
(x - 4) 40 -2+0 
Step 2: Combine terms 



Check: 



x-4+|T) » 2 + fTf 

Solution x * 6 

* - 4 * 2, x * 6 
(6) - 4 » 2 
2 = 2 



Nov work step-by-step through some example problems. 
EXAMPLE PROBLEMS ] 



11 - x - 2 
(11 - x) - 11 = (2) - 11 
-x +11-11-2-11 - 
-x ■ -9 
(-*)(-!) « (~9)(-l) 



x e 9 solution 

Check: 11 - (9) « 2 
2 = 2 

8.4 = 3.1 + x 
(8.4) - 3.1 - (3.1 + x) - 3.1 
8.4 - 3.1 * x 



5.3 e x , or 

x ■ 5.3 solution 

Check: 8.4 ** 3. 1 + (5.3) 

8.4 = 8.4 



4 * 1 - x 
(4) - 1 « (1 - x) • 
3 = -X, , or 
(-1)3 = (-l)(-x) 
-3 ■ x, or 
x * -3 -« — 



Check: 



4 - 1 - (-3) 
4 » 4 



Subtract 11 from each side 
Comb ine terms 

Multiply each side by -1 



Subtract 3.1 from e^ch side 
Combine terms 

5.3 s i is the same as x * 5.3 



Subtract 1 from each side 

Multiply each side by -1 

Always put your answer in the form: 
x * (soire number) 



1SD 
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4 = X ~2 



rl> + I ■ 1% . 1 l 

V V 2 r 2 ~" Add 2 t0 each side 

1« _ ix i ^_ 1.13 



4 " 2 + 2 4 + 2 



2 = r i l . 

4 - 2 " I " ° 

3 

X= 4 

Check: 

I J. 
4 = 4 

5. 2x + 6 - x 

(2x + 6) - x = x - x — _ Subtract x from each side 

- x + 6 = 0 — _ Combine terms 

x + 6 = 0 

(x + 6) - 6 = -6 — . Subtract 6 from each side 

x - -6 

Check: 2(-6) + 6 = -6 
-12 + 6 = -6 
-6 = -6 

Equations such as number 5 above, where the variable appears on both sides 
of the equation are very common in algebra. Solve them in the usual way 
by collecting all terms with the variables on th .ame side of the equation, 

Here is a slightly different problem. 

Solve: 2x - 14 

Step 1: You must change the equation so the x is alone on the left 
so you divide each side by 2. ' 

Step 2: x - ^- 2r 2 

2 2 ^2' 

x = 7 

Check: 2(7) = 14 
14 = \L 

Now work step-by-step through some more example problems. 



urn 
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1. 



Check: 



7x - 35 

lx 35 
7 7 



x - 



x 

7(5) 



35 
7 

5 

35 



Divide both siaes by 7 
2*- ^ 



2 s 



%) 2 



*(f • 2) 



35 = 35 
1 



1A 
(14)2 

ia • ; 

28 — 



Multiply both sides by 2 



1 



1 



2 • x - x 2 

I . 2 = - = 1 
2^2 



Check: 



3. 



Check: 



\ (28) 



2x 
3 



(f)3 



28 
1A 



1A = 1A 
6 



= 6 



2x - 


18 


2x _ 


18 


2 


2 


x - 


9 






f(9) = 


6 


18 - 


6 


3 




6 = 


6 



Multiply both sides by 3 
Divide both sides by 2 £r = x 



191 
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3r = 0 
X = 3 



Divide both sides by 3 



Zero divided by any positive or-negative 
number is still zero. 



You need to use both operations, addition/subtraction and multiplication/ 
division, when you solve most simple algebraic equations. For example: 

Solve: 2x + 6 = 14 

Step 1: You must change this equation to place one x, or terms with x 



Step 2; 



on 


the 


- 6 


- 14 


- 6 


= 14 


2x 


= 8 


tr 
X 


8 
2 


X 


= A 



Try some more example problems. 



EXAMPLE PROBLEMS 



Combine terms 

Divide each side by 2 
2x 

— = x 



1. 



18 

(18 - 5r) 
-5z + 18 



5x = 

18 - 

18 = 

-5c = 

5r = 
5£ = 

X 

x = 



3 

3 - 18 
3 - 18 • 
-15 
15 



15 
5 



3 

Check: 18 - 5(3) = 3 
18 - 15 = 3 
3 = 3 



Subtract 18 from each side 

Rearrange terms 

Multiply both sides by -1 

Divide both sices by 5 
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2(x + 4) - 27 

2a: + 8 - 27 Multiply each term inside the 

/o , ox „ parentheses by 2 

( 8) 2 : s ~ 8 ^ — Subtract 8 fro ° side 

X 2 Divide both sides by 2 

*2 

Check: 2(9j + A) «= 27 

2(13|) - 27 
27 - 27 
3(x - 2) » x + 1 

3x - 6 =» x + 1 ^ 1 | iply 63011 term in the Parentheses 

(3x - 6) - x = (x + 1) -x ^_ Subtract x from each side 



3x-x-6 = x- x+ l 
2x - 6 = 1 



Rearrange terms 
Combine terns 



2x-6+6=l + 6 -m Add 6 to each side 

2r = 7 

]2x 2 

X 2 *"* Divide each side by 2 

--4 

Check: 3(3± - 2) - (3±) + i 
3(1~) = 4 

2 *2 

4 « 2(B - 1) = 3(B + 1) 

2B - 2 = 33 + 3 ^ Multiply each term in the parentheses 

by 2 and on the other side by 3 J 
(2B - 2) - 3B - (3B + 3) - 3B — Subtract 3B from each side 
2B - 3B - 2 - 3B-3B + 3 — Rearrange terms 
-B - 2 = 3 

(-B - 2) + 2 = 3 + 2 ^ Add 2 to sidg 

-B = 5, or 

^ B = " 5 Solve for B, not -B 

ERIC 3-177 193 



9 of 36 



Check: 2(-5 - 1) 
2(-6) ■= 
-12 

REMEMBER 



3(-5 + 1) 
* 3(-4) 
12 



^ ^ifl^tV 1 ° Per f ^ ° r subtra " the same quantity f-om both 

sides of the equation; multiply or divide both sides of the equation 
by the same non zero quantity. equation 



2. Remove all parentheses carefully. 





m 



3. Combine like terms when they are on the same side of ^hTequfJioV 

4. Use legal operations to change the equation so you have only x by itself 
on one sxde of the equation and a number on the other side of the equation. 

5. Always check your answer. 



TRANSPOSITION 

I«p! ay f haVe n0tl r d S °r thln8 Wh6n y ° U added or subtracted a number from both 
sides of an equation* For example: 



1. 

o 

3. 
4. 



x + 6 - 12 
Cb + 6) - 6 ■ 12 
x = 12 
x = 6 



6 
6 



You subtracted 6 from both sides. 
Note that the +6 on the left side 
of the equation became a -6 on the 
right side of the equation. 



Rather than ^subtract -6 from both sides of the equation as in line 2 above 

B< \ dll T ^ ^ 1 C ° line 3 by movi ^ the + 6 from the left 

and changing its sign to a -6 on the right side. For example: 

n a; + 6 = 12, omit line 2 and go to line 3 

3. - x « 12 - 6 

4. x = 6 
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Another example: 



2x - 6(x + 2) « 24 - 5z 
2x-6x-12»24-5z 



Move -5r from the right side to the 
left side and change the sign. Move 
-12 from the* left side to the right 
side and change the sign. 



2x-6r+5s=24 + 12 

x « 36 * 

This process is called Transposition. 

You also may have noticed something when you multiplied' or divided both 
sides of an equation by the same number. For example: 



1. 


X 


+ 12 - 


6 - Jx 




2. 


X 


+ |s = 


6-12 




3. 




5 

2* = 


-6 




4. ' 


2 
5 


. L. _ 
T 


| • (-6) 


You multiplied both sides of 


5. 


2 
5 


5 


12 
5 


2 

equation by — to isolate x. 



11 

5 



Rather than multiply both sides of the equation by j, simply invert the 
coefficient of x (the number | inverted is j) , remove it from the side 
x is on, and multiply the other side by the inverted coefficient. For 
exampl e : • 

1. 2x + 3(6x - 4) = 14s: + 18 

2. 2x + 18x - 12 = 14a: + 18 Transpose the -12 from the left side 

to the right side, transpose the 14x 
from the right side to the left side. 



3. 2x + l&x 


- 14* = 


18 + 12 


4. 


6x - 


30 


5. 


x = 


? (30) - 


6. 


x - 


5 



Invert the coefficient of x (which is 
6) and multiply the other side of the 

equation by 
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Another example: 



1 3 
• ~x + 4 » -2(Jx + 12) 

1 ■ , 6 
|x + 4 = --£r-24 



-^x + -^x 



-24 - 4 



3* = -28 
x - y • (-28) 
x *> -20 

You must be careful to invert the cmplete coefficient of x when you 
mulitply it by the other side of the equation. For example: 



,3 - a. 



,3 - a. 



( 42> J x ~ 12 » ( " 42,") ^ the entire coefficient of x. 
* = (T^T) 12 



x 



'3 - a J 

48& 
3 - a 



EXAMPLE PROBLEMS 



1 . 



2(x - l) 
2x - 2 
2x - 3x 
-x 

X 



3(x + 1) 
3x + 3 
3+2 
5 

-5 



Check: 2(-5 - l) - 3(-5 + l) 
2(-6) - 3(-4) 
-12 = -12 



2x + (4 - 6x) « 24 

2x - 6x » 24 - 4 
-4x ■ 20 

x - ^-(20) 



x « -5 
Check: 2(-5) + 4 - 6(-5) 



24 
24 



-10 + 4 + 30 

-6 + 30 - 24 
24 - 24 



2, 



Check: 



x + 5.8 = 3x + 1.4 
x - 3x = 1.4 - 5.8 
-2x = -4.4 

-x = |(-4.4) 

-x - -2.2 
x ~ 2.2 

2.2 + 5.8 = 3(2.2) + 1.4 
8 - 6.6 + 1.4 
8 = 8 



4.(x - 2) - (4 - 5x) = 18 
x-2-4+5x=18 

x + 5x = 18+2 + 4 

6x = 24 

x = |(24) » 4 

Check: (4 - 2) - (4 - 5 • 4) = 18 

2 - 3 + 20 = 18 

-2 + 20 = 18 

18 = 18 
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5. 4 - (2x - 7) - 5 
4 - 2x + 7 - 5 

-2x » 5 - 4 - 7 
-2x - -6 

a « \ • 6 



Check: 4 - (2 . 3 - 7) - 5 
4-6+7-5 
-2+7-5 
5-5 



SIMPLE FACTORING 

Remember that in algebra, when an expression is formed by multiplying 
quantities each multiplier is called a factor. Factoring is the process 
of separating the common p elements from an algebraic expression. 



Expression 

ax + bx 
5y + ay 
ar z + br 



Factored form 

x(a + b) 
y(5 + a) 
r(ar + b) 



x has been factored out 
y has been factored out 
r has been factored out 



In solving equations, it may be necessary to factor out the variable that 
you are solving for. For example: 



ox + » b(jc + 5) 

o* + 3* - G » b)< + 2>b -« 

Q% + ©"X-bx = G + 5b 

x(o + 5-W) = 4, + Sb 

X a » . k + 3b 

(a+3-b) 
X * 6>-s-5b 



•iiolvt "tor X 

remove 'patwJ+Ufe*!^ 

I'Solal* -Hi* fe*pr«r*su&ns con+oinmg x 

-facVor- owi+ 4+»<fc x 

Irwtr-r and mul+ipltj by fcn+ir4 



a + 3-b 



9 
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xR.*-*(54-b) - 16-4-2(0 + *) • 

xR x -5x-bx ■ \fe+2a+zx -* 

X R x -3X-bX-2X » Ifc+Zo — 

x(e*-3~b-2) = I6+2Q — 

xCR-b-ir)- Ife+Za — 

* =. * . (tfe+Za) 

<£-b-5 

j< s tfc + 2o 
R r -b-sr 



■ ^oW* -rorx 

• rtmovt all par&nfHfcifcS 

• -facfor ou-r +h& X 
' Combin*. 4-«srrni» 

■ tnvferf an<4 multiply by 4h* 

fen+ir« coc-t-ficitnr of X 

19? 
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SOLVING FORMULAS 

S EST// 0 ™"? S ° me Utter meanS t0 rewrite the fo ^la so the letter 

sl^'oI r^i^ ^ equal sign - For — *• ~ 

. BH 

" 2 the r height are3 ' B " length ° f the b3Se ' and 11 is 



Solving for B gives the equivalent formula: 
Solving for H gives the equivalent formula: 



B - 



2A 
H 



H - — 



Solving formulas is a very important part of practical a ] e( *„ c 

a formula you know will not be in its'most use 1 You may llT*^ 

rewrxte the formula solving it for the letter you need to evaSte 

oror^Y US6 1 the Same trans P°^ng. inverting, and multiplying 

process you used for solving equations. For example, solve this forSf: 



z 

6 = ± (R+P) 

z 



26 - R-*-F> 



^olv* for- R 



irwtrf an4 mul^ply 44> € cotff «c, fr M- of (r+ p>) by 4W 

transpose + P , n order 4t> jsolofe R. 

Ahe U4W you or* living -for, Bin-W.it, coit, is 
Usually wr,4r, on 4V* U{+ s.cfe ^ 4. W fc<?uo , 



EXAMPLE PROBLEMS 

1 • V = for K 9 n i « . 

T ^- Q = 1 - R + T, for R 

Q - 1 - T = -R 
V = (J) K -Q + 1 + T = R 

R - 1 + 1 - Q 

TV _ 
3 " K 

v _ TV 

T 
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3 « V » TTI^H - AB, for H 4, 



Y = MX + B, for X 



V + AB - TTR*H y - B = MX 

V + AB » (ttR*0H y - B 



(~t) ' (V + AB) = H " 



X 



X 

Y - B 



V + AB M 
~TTR* = 

H 



V + AB 
TTR* 



5 * F»^+32, forC 6 . V - -*f- + 2, for L 

F - 32 - (}) . C v - 2 - (4-) L 

6 



( ? )(F-32) = C • <-§-XV- 2) «L 



C * 5 < F - 32) &V - 12 
9 L t 

USING SQUARE ROOTS IN SOLVING EQUATIONS 

In the last Project Sheet, Shop Algebra: Part 1, you learned how to estimate 
a square root. Little was said about how to solve an equation by taking 
square roots. That's because in most of the equations so far, the letter you 
have solved for is to the first power. When the variable appears only to the 
first power, the equation is said to be linear. When the variable is raised 
to higher powers, such as x\ y 5 , w* the equation is said to be non-linear. 
When you have a non-linear equation such as x = a, where a is some positive 
number, you can solve for x easily by taking the square root of each side of 
the equation. 



X** Q , +Vi*n Vx^ » V<J ; or 
% m v/q* 

Example : 

v7 x * \fzL 

i = -f 4> , or -(<» (usually wnJ-U-n as ±4) 



There are two possible solutions because (+6) (+6) ■ 36 and (-6) (-6) - 36. 
So you must be careful. One of the solutions, usually the negative one, 
may not be reasonable when you are doing shop problems. 



i9y 



3-183 



15 of 36 

» 

EXAMPLE PROBLEM: 



If the cross-sectional area of a square healting duct is 
75 square inches, what must be the width of the duct? 



)( s i 8.7 m (rounded) 4Ji£- answer -8>.Jm i£ 



TRANSLATING ENGLISH TO ALGEBRA . 

Algebra is a useful tool in solving real problems. To use algebra, you may 

m 311 En8 ^ Sh sentences and P hrases into mathematical expressions 

and equations In technical work, the formulas to be used are often given 
in the form of English sentences. They must be rewritten as algebraic 
formulas before they can be used. Eor example, the statement: 

"Horsepower required to overcome vehicle air resistance is 
equal to cube of the vehicle speed in MPR multipled by the 
frontal area in square feet divided by 150,000. " 
This statement translates to the following formula: 



UP = (M PH 5 )(A*-6q) f or m, alybratc torm 
150,000 

UP »VjA 
150,000 



Try the following problem. You find this statement in a technical manual: 



"The pitch di neter of a cam gear is twice the diameter of the 
crank gear. ' 



The equation is P = 2C Where P is the pitch diameter of the cam gear, 

and C is the diameter of the crank gear. 

You may use any letters you wish, but normally you choose letters that 
remind you of the quantities they represent: P for pitch and C for crank. 



. 200 
3-184 



16 of 36 



Certain words and phrases appear again and again in statements to be trans- 
lated. These certain words and phrases are signals alerting you to the 
mathematical operations to bemused. Here is a handy list of signal words 
and their mathematical translations. 



SIGNAL WORDS 










MATH 

ENGLISH TERM TRANSLATION 


EXAMPLE 




Equals, is equal to, the same as, 
the result is, gives, makes, leaves 


— 


A = 


B 




Plus, sum of, increa-sed by, more than 


+ 


A + 


B 




Minus B, subtract B, less B, decreased 
by B, take away B, diminished by B, 
B subtracted from A, difference between 
A and B 




A - 


B 




Times, multiply, of, product of 


x 


AR 






Divide, divided by B, quotient of 




A f 


B or 


A 
B 


Twice, doubled, twice as much . 


X 2 


2A 




Squared 




A* 






Cubed 




A* 






Examples: 










Length plus 3 inches 


= L + 3 








Weight divided by 12.5 


W 
12.5 








One-half of the original torque 


T 

2 








The sum of two length? 


= L, -r L z 








The voltage decreased by 10.5 


- V - 10.5 








8" more than twice the height 


= 8+2?: 









You can translate complete sentences or complete problems in a similar 
manner. For example: 



The size of a drill for a tap is equal 
to the tap diameter minus the depth. 



T - d 
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or^L'LT S " PS Uhe " y °" tra " SU " « -tenceinto an algebraic equati0 „ 

Step 1. Cross out 
all unnecessary words. 

Step 2. Make a word 
equation using paren- 
theses . 

Step 3. Substitute a 
letter or arithmetic 
symbol for each 
parentheses. 

Step 4. Combine and 
simple c y as necessary. 



The si2e of a dri^e - £ o*w^--*w». -fo ^ i 

. , . T% * l - UL -K—r&P* is equal to -t w» - 

tap diameter minus -the- depth. 

(Si2e)(is equal to) (tap diameter) (minus) (depth) 

i in 



S - T - D 



or newspaper articles . Very fZ neoole !„ V, the Uay yOU read 

after reading the problem only " n cT Yo' should T ^ °" C the Mth fo "-» ula 

tin.ee. Wll Mnt to read in sl^iy.^tpeeo ^1,^ " 
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EXAMPLE PROBLEMS 



1* The electrical resistance of a length of wire is equal to the resistivity 
of the metal times the length of the wire divided by the square of the 
wire diameter. 



Step 1. Eliminate 
all but key words. 

Step 2. Substitute 
letters and sumbols. 



. . * resistance. . , is equal to, , .resistivity* . . 
times, . .length. . .divided by the square. , .diameter . 



R 



rL 



R=» resistance, r = resistivity, 
L " wire length, d ■ wire diameter 



2. A sheet metal worker measuring a dust cover finds the width is 8.5 inches 
less than the height. 



W - H - 8.5, 



W «= width, H = height 



3. A 24-inch piece of steel is cut into two pieces so that the longer piece 
is 5 times the length of the shorter. (Hint: write two equations.) 

24 = L + S and L =» 5S ? L » long piece and S * short piece 



4. The volume of an elliptical tank is approximately equal to 0.7854 times 
the product of its height, length and width. 

V = 0.7854 HLW } V= volume, H = height, L = length, W = width 



• 



5. Two shims are to have a combined thichness of 0.090 inches. The larger 
shim must be 3.5 times thicker than the smaller shim. (Hint: write two 
equations. ) 

L + S - 0.090 and L « 3.5S. Where L - thicker shim, S » thinner shim. 

6. The engine speed is equal to 168 times the overall gear reduction multi- 
plied by the speed in MPH and divided by the rolling radius of the tire. 

„ 168GV 

S - — — Where S - engine speed, G « gear reduction, V - speed in MPH, 

r = rolling radius of the tire. 



Note that in problems 3 and 5 you wrote two equations. These can be 
combined to form a single equation. 

3. 24 = L + S and L » 5S give you: 24 = 5S + S or 24 = 6S 

5. L + S - 0.090 and L - 3.5S give you: 3.5S + S * 0.090 or 4.5S » 0.090 
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GENERAL WORD PROBLEM EXAMPLES ] 



pieces, piece, find the lengths of both 

Let the short piece = z 
then the long piece = 2.5x 
and x + 2.5x = 14 

3.5a: = 14 

* 38 4 (short piece) 

2.5r - 2,5(4) - 10 (long piece) 



(Hint.. . 2 "L^^vr. ter is 68 inc "» s - 



let L = length, then 
L = 6 + W 
Perimeter 



or 4W + 12 ■ 
4W = 
4W ■ 
W ■ 
length » 



68 - 2(L) + 2(W) 
68 = 2(6 + W) + 2(W) 
68 « 12 + 2W + 2W — 



12 



66 
56 
K 

6 + W = 



Remove parentheses 
Combine terms 

Transpose the 12 
Divide by 4 



20 



should be 25 greater than Mike'f ThfTA f^" ° f the profU 
carter was $ 17,550. How sZl^^Te ^ firSt 

let M = Mike's share and 
I - Ike's share, then 

I - M + .25M, or 1.25M, then 
M + I - 17,550, or 

M + 1.25M - 17,550 „ , 

2.25H = 17 550 Comoine terms 

M » 7800 " " Divide b ? 2 -25 

I • 1.25M or 9750 
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4. You want to cut a 12-foat steel rod into three pieces. .The longest piece 
must he 3 times longer than the shorter peice and the middle size piece 
is two feet longer than the shorter piece. 

. let x » short piece, then' 
x + 2 = middle size piece, and 

3x = longest piece ' - 

, then (x) +- (*'+ 2) + (3s) = 12 - . Combine terms 

5x + 2 = 12 — ; -.Transpose the 2 

5x » 12-2 

5r - 10 -« , Divide by 5 " 

x = 2 -« _ The short piece 

x + 2 » 4 — t . The middle sized peice 

3 s ~ 6 — The longest piece 

RATIO AND PROPORTION .' 

Machinists, sheet metal-workers, metal finishers, welders, mechanics, and 
many others in technical trades use the ideas of ratio and proportion to 
solve many different .technical problems. The compression, ratio of a car 
the gear ratio of a machine, the lengths of pulley belts, the voltage ratio 
in a transformer, the^itch of .a roof are all practical examples of the ratio 
concept. ' ' 

RATIO . . - • 

A ratio is a comparison of two quantities of the same kind, both expressed 
m the same units. For example, the grade of a highway up- a- hill can be 
written as the ratio of its height to its horizontal extent. Look at 
Figure 2. 




Grade = So «r i m o.oS", 5-% 
l£>o© Zo 
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figure 2: Higkusay grade. 
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A ratio can be expressed as a decimal number, percent of a fraction. If 
it is a fraction it is usually expressed in its lowest terms* Look at 
Figure 3. 



j 




Gear A has 4>4 4-**4h 
&*or & has 14> 4-*e+W 

The cj«*ar rof jo o-f A «U> G> ; 
always r&^uce (rack i*n 4o !c*a/*s4- 4^rm& 



Figure 3: Gear ratio. 



Very often, a colon (:) is used to express a ratio. For example, the gear 
ratio in Figure 3 could have been expressed as 4:1, 

If yo.u are given the value of w ratio, and one of its terms, you can easily 
find the other term. For example, if the pitch of a roof is supposed to 
be 1 to 5 or 1:5 and the span is 20 feet, what must the rise be? 

Pitch *= and 1:5 can be vritt 

i 

"5 2Q~* ° r ~5 = ' 20 ~* Multiply both sides by 5 



4 rise 
' span 


and 1 


:5 


can 


rise 


1 

. or 1 




R 


20 




20 




1 




5R 








20 




20 




5R 




4 




R 




or R 




A - 



Multiply both sides by 20 
Divide both sides by 5 

The rise is 4 feet 
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EXAMPLE PROBLEMS 



1. If a gear ratio on a cutting machine is 6:1 and the smaller gear h^s 
12 teeth, how many teeth are on the larger gear? 



Gear ratio = 

6 = 
1 



teeth on large gear 
teeth on small gear 



x 
12 



Multiply both sides by 12 



(12) (6) 
x 



- x 



- 72 teeth on the larger. gear 



2. The pulley system on a lathe has a pulley diameter ratio of 4, If the 
larger pulley has a diameter of 15 inches, what "is the diameter of the 
smaller pulley? 



Pulley ratio 
4 
4r 



diameter of large pulley 
diameter of smaller pulley 

• Multiply both sides by x 



x 

15 

15 
4 



Divide both sides by 4 



x = 3-75" diameter of the small pulley 

3- The compression ratio of a Dacsun 2802 is 8.3 to 1. If the compressed 
volume of the cylinder is 36 cubic cm, what is the expanded volume? 



Compression ratio = 

8,3 _ 
1 



expanded volume 
compressed volume 

i Multiply both sides by 36 ' 



36 



(8.3) (36) = 
1 



(8.3) (36) 



(8.3) (36) 



V » 298.8 cu cm 





or* |-9 



Con/ypr£S£*on Ratio 
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PROPORTION V 

A proportion is a statement that two ratios are equal. It can be given as 
a sentence In words, but most often a proportion is an algebra equftlol 

For example, the arithmetic equation f - Ji is a proportion. 

The algebraic equation *± - | is a proportion. 

Look at the storage bin shown below. The ratio of the actual length to the 




r 





p _n 




n_ n 








b* — — H 




— -J 1 I 





drawing Ung+h 



drawing WidfH 



45" 

f 


t 






raf to 






Wid4+iS 



a proportion 



Figure 4: Proportion. 
Rewrite all quantities in the same units: 



198 M 

41" 
8 



72" 



You should notice first of all that each side of the equation is a ratio. 
Each side is a ratio of like quantities: lengths on the left and widths on 
the right* 
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Second, notice that the ratio -^nr is equal to — . 

Divide it out: 198 4- ^ - 198 f 4r 

8 8 



198 X 



'48 



_8_ 

33 



Notice also that the ratio yy^ = — 
48 

The common ratio -y is called the scale factor of the drawing. 
The four parts of the proportion are called its terms. 



T 

198 

4 



4-Kird Hrm 

1 



- _7Z 



L _i 



Second f*rm 



•four+h 4*rm 



If one of the terms of the proportion is unknown, you can replace it with 
a letter and solve the proportion as an algebraic equation. For example, 
suppose the actual cut in the side of the bin is one foot down. 




+Hen 72" = »2. 



(£)*-($ 



72* s 18 ^ 



72 7Z 

X = _L" 
4 



multiply «<»cK 
Side by X 
• — rr»uJl» ply each 

■S»d6 by 
divide bofh 
Sjd^S by 72 



Therefore, on the drawing the -cut will be j inch deep. 
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A very easy way to solve proportion equations is to use the cross-product 
rule. 



THE CROSS PRODUCT RULE 



if 



= j> then ad - be 



The cross-products of the terms of a proportion are equal. 




For example : l£ £ „ UH } u-Sfe 4-hc cross pro^ucf 

or in -fhfe pr£Vi©u€ equation : 

72 sr IZ- +hfen 7ZX * J2. 1-5 
77" TT J ^ 



15 * 



7Z. X ■ 18 

72. 4 



EXAMPLE PROBLEMS 



Use the cross-product rule to solve the following: 

2. 



4B 
B 



3 ^ 
3 * 12 



12R 
R 



3 
4 



- 21 
21 

ax — 

4 

R 
6 



4 



126 
10.5 



J_ 
16 



210 



0.4 
1.5 

0.4E 
E 



21 
A 



7A - 336 
A = 48 



j_2 
E 

18 

45 
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SIMILAR FIGURES 

In general, two geometric figures that have the same shape but not the same 
size are said to be similar figures. t The blueprint drawing and the actual 
object are a pair of similar figures. An enlarged photograph and the smaller 
original are similar. 




Or* £imi 



lac "£t< 



and 




and £ 



lor ft 



In any two similar figures, all pairs of corresponding dimensions have the 
same ratio. For example, in the rectangles^above, 



~ - ~ In the irregular figure above, — = ^ = — = — 
c D 'past 



p <? 



EXAMPLE PROBLEMS 



Find the missing dimension in each of the following pairs of similar 
figures. 
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JL 

T| — si" 




4* 



1 1 

1115 = 2Z.feS75 



3. 




DIRECT AND INVERSE PROPORTION 

Many shop problems can be solved by setting up a proportion involving four 
related quantities. It is important that you recognize that there are two 
types of proportion - direct and inverse. Two quantities are said to be 
dtreotly proportional if an increase in one quantity leads to a proportional 
increase in the other quantity, or if a decrease in one leads to a propor- 
tional decrease in the other. 



DIREftT PROPORTION 

increase increase 

decrease i *— decrease 




9 
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For ^example, the electrical resistance of a wire is directly proportional 
to its length: the longer the wire, the greater the resistance. If one 
foot of nichrome heater element wire has a resistance of 1.65 ohms, what 
length of wire. is needed to provide a resistance of 19,8 ohms? 



one*, 



Rcsisfanc* 



First: Recognize that this problem is a direct proportion — as the length 
of wire increases, the resistance increases proportionally. 



^ J 

i. « JEL 



Both ratios increase in size when L increases. 

Second: Set up a direct proportion and solve. 

L w 19,8 ohms 
1 ft. 1 .65 ohms 

1.65 L - 19.8 

L - 12 ft. 



EXAMPLE PROBLEMS 



1. If a widget machine produces 88 widgets in 2 hours, how ny v;ill it 
produce in 3j hours? 



88 



x 



2 hrs. 3.5 hrs. 

2x = 154 widgets 



Direct proportion — the longer it works, 
the more it makes. 



213 



9 
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2. If one gallon of paint covers/825 square feet, how many gallons of n alnt 
are needed to cover 2640 square feet? ganons or paint 



1 gal. 



x 



825 sq. ft. ~ 2640 sq. ft. 
825r = 2640 
* 8 3.2 gal. 



*— Direct proportion— the bigger the area, 

the more paint you need. 

3. Twelve square feet of sheet metal costs $4.95. How much will 32 5 
square feet cost? -><:.-> 

$4.95 x 



12 sq. ft. ~ 32.5 sq. ft. 
12x = 160.875 

X = $13.41 (rounded) 



Direct proportion— the more the 
area, the more the cost. 



fiUeJIo 1 ^ jank holds 450 gallons of cooling oil when it is completely 

is iSi2 1 \ iTt /Wr- How Mny 8allons does ic hoid w ^ it y 

is filled to a height of 2 feet 3 inches? 



450 
8 



2.25 
8x = 1012.5 

* - 126.56 gal. (rounded) ^ Direct proportion- the smaller the 

height the smaller the volume. 

o^e quanMtv 6 !^ 6 " ^ WseZ * Proportional if an increase in 

, one quantity leads to a proportional decrease in the other quantity, or 
if a decrease in one leads to a proportional increase in the orher 



INVERSE PROPORTION 

increase «— decrease 

decrease »~ increase 



2 1 4 
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For example, the time required for a tri« „f . . ., , 

proportional to the speed of traW IfVL\*T ? ? h ±S tovers ^ 

50 MPH, how long will it take at 60 MPH? "** ^ t "° h ° urs at 

The correct 
proportion is: 



i 

5b 
GO 



increase 



■ 1 cUcnfc«S4 



l^lZZX^lo K b i£ r k VV s 7 timate of the — The 

take to make the same trip at 50^H Thl* ^ *T than the itme iC Would 
than 2 hours. The correc * answer should be less 

6Qx = 100 x = 1.67 hours 



tr- 
4-h 



9 
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Tn on invtr^fc proporfjon, 




an increase in X ^ots w«-rh 



Follow through this example: Pressure is 
inversely proportional to volume if the 
temperature remains the same. If the volume 
of gas in a cylinder is 300 cu cm when the 
pressure is 20 psi (pounds per square inch) , 
what is the volume when the pressure is 
increased to 80 psi? 

Since pressure is inversely proportional to 
volume, you can expect that as the pressure 
increases, the volume decreases. Therefore, 
the answer should be less than 300 cu cm. 



2 1 



joo cu Cm 

V z =75 cu cm 
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GEARS AND PULLEYS 



A particularly useful kind of inverse proportion deals with the size of 
a gear or pulley and the speed with which it rotates. In the sketch shown 
below, the larger gear drives the taller gear. 

Because A has twice as many teeth as B, when A 
turns one turn, B will make two turns. If gear 
A turns at 10 turns per second, 3 will turn 20 
turns per second. The speed of the r is 
inversely proportional to the number i teeth. 




spted of c^ear A 
Spsed of <J6or & 



humbfcr gf ffe^4h on <jear S 
number of f**4h on $*<*r A 



H-hiA rofio has 
A f*rm ory 4 op 



rafio has 



In this proportion, gear speed is measured in revolutions per minute vh<ch 
is abreviated RPM. cn 

In the example of gear A and gear B above, if gear A turns at 40 RPM what 
will be the speed bf gear B? 

Because the relation is an inverse proportion, you know that B will turf, 
faster than A. 

<*0 RPM _ 8 teeth 
B 
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Pulleys transfer power in ouch 
the same way as gears* For the 
pulley system the speed of the 
pulley is inversely proportional 
to its diameter. 

In the sketch to the right, 
pulley A has a diameter twice 
chat of pulley B. When pulley 
A makes one turn, pulley B 
will make two turns, assuming 
of course, that there is no 
belt slippage. 




sp*44 d f Pulley & PwrntAvr- of PulUy Aw 



A on 4-op 



-tt.is> rofjo has 
~4h«r Bhwvn on -top 



If pulley B is 16 inches in diameter and is rotating at 240 RPv, what is 
the speed of pulley A if its diameter is 20 inches? 

A a 16 
240 RPM " 20 

20A * }840 
A = 192 RPM 



EXAMPLE PROBLEMS: Solve each of the following problems by setting up 

an inverse proportion* 

1. A 9-inch pulley on a drill press rotates at 1260 RPM. It is belted to 
a 5- inch pulley on an electric motor. Find the speed of the motor shaft. 

Speed of electric motor shaft _ diameter of drill press pulley 
Speed of drill press pulley ~ diameter of electric motor pulley 

' a _ 9 

1260 " 5 

5c m 113^0 

x = 2268 RPM 



217 
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2. A 12-tooth gear mounted on a motor shaft drives a bigger gear. The motor 
shaft rotates at 1450 8PM. If the speed of the large gear is to be 425 PJ>M, 
how many teeth must the large gear have? 



teeth on lar^e %ear 
teeth on suall gear 



speed of small gear 
speed of large fear 



_T_ _ 1450 
12 ~ 



425T = 



425 
17400 



T = 40.94 

T = 41 teeth (rounded) 

3. If five assembly machines cart complete a job in three hours, how many 
hours will it take for two assembly machines to complete the job? 



5 
2 



x 
3 



2x = 15 
x = 7.5 hours 

4. T h e forces and lever arm distances for a lever are inversely proportional, 
Look at the sketch below. 




If a 100 lb. force is applied 
to a 22" crowbar pivoted 2" 
from the end, what lift force 
is exerted? 



7x = 2000 
x = 1000 lbs. 



op plifrd $on± F, _ Ifrn^fh ot lift hrc+arrr\ Lq. 
lift $orct Fx l*tig+K o4 0f>pUe4 -fore* orm L { 



ERLC 



REMEMBER: 

Complete the Shop 
Problems beginning 
on the next page. 



'3-E02 



IH> 

proporf ion, 
Y* ar*4fi6 nela-Ud -f* rms 



in an mv^rife 
propor+jon -rh*5£ 
Ort4ha ncia-ftd ferms 
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SHOP PROBLEMS 

1. Yp»r boss wants you to set up a drill press to do a certain job. The 
output of your motor is 1200 RPM and the diameter 'of the pulley on the 

■ motor- shaft is 8 inches. You know that in order, to drill your material 
properly you need a drill RPM of 800. What diameter drill pulley do you 
need. (Hint: Recall that this relationship is an inverse proportion.) 



Diameter of drill pulley _ 



At your job, you are using a grinder that is .receiving power from a line 
shaft which is rotating at 250 RPM. The line shaft is connected to a 
5rinch diameter pulley on the grinding wheel. If you need the grinder 
to turn at 1200 RPM, what size pulley wheel should be on the line shaft' 
Look at Figure 5 below. 



Diameter of line shaft pulley 




lint shaft- 
pulley 



wheel 



sk.*4 



v 4 - 



pulley 



Figure 5: Find 
the diameter of 
the line shaft 
pulley. 



ERiC 



3. On a layout, your supervisor 
wants you to find the length 
of an arc of a sector of a 
circle. Loolc at Figure 6. 
The formula is given by 

t 2TTR2 . 

7 ir « 

L 360 9 

Where TT » 3.14 

R * radius of the circle 
and a » angle- of the circle 
sector 

Find the length of arc L. 
L = 




R* 10.75 " 

find L, +he 
Un^4-h of arc 
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Figure 6: Find length of arc. 
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4. Machinists and sheet metal-workers use a formula known as Pomeroy's 

^.^^.farSsr 1 "" power required by a metai > unch 

3.78 ^ here P is the P° wer needed in horsepower, 

t is the thickness of the metal being punched, 
d is the diameter of the hole being punched, and 
N is the number of holes punched at one time. 

II ?« P r e J ^f 131518 is °' 6 horsepower and the thickness of the sheet 
is 0.25 inches, how may 3-inch diameter holes can you punch at one 22 

Number of holes N = _ 

5 ' ISbrTic^tio"^ CO tranSl3te f ° ll0W ^ W ° rd ™* i-o 

a. The cutting time for a lathe operation is equal to the length of the 
cut divided by the product of the tool feed rate and the revolution 
rate per minute of the workpiece. 



Equation 



b. The volume of a cone is equal to one-third times TT times the height 
times the square of the radius of the base. 8 



Ecuaiion 



c. The weight of a metal cylinder is approximately equal to 0.785" times 
the height of the cylinder times the density of the metal times Se 
square of the diameter of the cylinder. 



Equation 



6. Solve the following formulas for the designated letter: 

a. forL L = 

b. S ■ 4- gt* for g g = 

„ . TTR*S , , ~ " 
C * A "360" for S s = 

d. E - MC 2 " for C c = 



7. On your job you get a paycheck* of $154.78 for 16 hours of work. What 
amount should you be paid for 36.5 hours at the same rate of pay? 

Amount of pay for 36.S hrs. 



" ?S£ f S P y ° U USing 3 drive Rear 16 teeth and it is rotatin? 

till ! f"\ Y °u C ° h3Ve 720 m fr ° m the out P ut ^r (the g2r 8 

being driven). How many teeth do you need on your output gear? 

Ihwiber of teeth 
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Figure 7 - 12 ( ^t: Recall that the formula for taper is given as 

* * l" whcre D is the large diameter, d is the small 

diameter, L is the length and t is the taper.' 



t = 




Figure 7: Find the taper t. 

10. Look at Figure 8. You have cut a triangular plate into 6 equally wide 
sections. Find the height of each but as indicated below. 
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SHOP ALGEBRA': PART 3 
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1. This Project Sheet. 

2. A pen or pencil to answer the problems in this 
Project Sheet. 



TRAINING 
PLAN: 
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£ Here's what you do: 

In this Project Sheet, you will finish your review of 
basic algebra. You will review the solutions of Systems 
of Equations and the solutions of Quadratic Equations. 
After completing this Project Sheet, you will know how 
to solve any shop problems that require the application 
of. basic algebra. 

1. Read and study pages 2 to 29 of this Project 
Sheet. I 

^ 2. Work the Shop Problems' on pages 30 to 32. 

3. Have your Instructor check your work and record 
your score on your Student Training Record. 

A. Ask your Instructor for your next Project Sheet. 



£ Here's how well you must do: 

1. You must score 8 out of 10 correct on the Shop 
Problens. 
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SHOP ALGEBRA: PART 3 

SYSTEMS OF EQUATIONS 

2» + # - 11 
4y - x • 8 

have the common solution x » '4, v • 3 

2£m?^ °f J™*"* WiU aake 63011 a true statement. If you ' 

substitute 4 for x and 3 for y, the first equation becomes? * 

2(4) + 3 - 8 + 3 - 11 and the second equation 
becomes 4(3) - 4-12-4-8 
Therefore, the single set of numbers « - 4. y - 3 satisfies both eqoetioas. 

SOLUTION BY SUBSTITUTION 

In this Project Sheet, you will learn' two methods of solving a system of 
two linear equations with two variables. Remember that a lLLr £?J<1 
has variables raised only to the first power. For Sample' ^T/TEhE 
^linear equation because the variables x and y are raised to the first 

To solve the pair of equations: y ■ 3 - x 

3x + y - 11 follow these steps: 

Step 1: Solve the first equation for x or y and substitute this 
expression in the second equation. 

The first equation is already solved for y 3 y = 3 - x . 
Substituting this expression for y in the second equation, 

3X + y a II 

3* +13-* 1- ii 223 
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Step 2: Solve the resulting equation: 



3x + (3 - x) « 11 
3x + 3 - x « 11 

3* - a: « 11 - 3 
2a: » 8 
x ■ 4 

Step 3: Substitute this value for a; into the first equation and find a 
value for y. 

y » 3 - x 
y = 3 - A 
j/ - -1 

, Then the solution for the system of two unknowns and the two 
equations is X - 4, y « -1 

Step 4: Check your solution by substituting the values of x and y back 
into the second equation. 

3s + y m 11 becomes 
3(4) + (-1) « 11 

12 - 1 * 11 which is correct 



EXAMPLE PROBLEMS: Solve the following system of 2 equations and 2 
variables by substitution. 



1. " x - 2y « 3 
x - 3y - 7 



Step 1: Solve the first equation for x. 



x - 2y 3 3 

a: * 3 + 2# 



transpose the term 2y 



Substitute this expression far x in the second expression. 

Sub&r 



Step 2: solve 



•Whs for X 



2(3 + 2y) - 3y « 7 

6 + 4# - 3t/ ■ 7 

- 3y = 7 - 6 

y * 1 



Step 3: Substitute this value of y in the first equation to find x. 



x - 2y « 3 
x - 2(1) - 3 
x - 2 - 3 



f 



x - 5 and y « 1, or (5,1); Note that the x value is 

written first. 

224 3 ' 2 ° 8 
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St€P 4 '' ejuatio'n! 801111:1011 ^ ******** * * nd V values in the second 

2x - Zy - 7 
2(5) - 3(1) - 7 

10 — 3 ■ 7 correct 

It does not matter which variable, x or y, you solve for in Sten 1 ~ 
JSS 1*S?T *V SteP 3 * The 18 to pLk thf equSion for 

2. 2s + 3j/ - 22 

* - 2/ « 1 

Step 1 : Solve the second equation for x. 

X - 1 - y 

Then substitute into the first equation. 
2(1 - y) + 3y - 22 

Step 2: Solve 

2 - 2# + 3y » 22 

5z/ - 22 - 2 
5z/ - 20 
# " 4 

Step 3: Substitute the value for y in the second equation. 
x - y m l 

«-4 - 1 ! 

x = 5 and y - 4, or (5,4); remember the I value is 

written first. 

St6P 4 '' ejua^io'n 6 SOlUtl ° n * Substitutin S * «nd j, values in the first 



equation 

2(5) + 3(4) » 22 

10 + 12 » 22 correct 



3. 3s + y m i 
y - 5r * 9 



3x + i/ 




1 




& 


1 


3^-5* 


8 


9. 






9 


-8* 


a 


8 




a 


-1 



Solve the first equation for y. 

Substitute the value for y in the second 
equation and solve for x. 



*~ *- O 
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4. y a fa 

2y - 6x » 0 



2/ - 5(-l) * 9 - Substitute the value for x in the second 

y + 5 * 9 equation and solve for u. 

*/ ~ 9 - 5 * 

# - 4, x « -1, or (-1,4) is the solution. 

v J"!if " ! CheCk: Substitu te x and z/ values in the 

3(-l) + 4-1 f irst equation. 

-3 + 4=1 

1-1 correct 



Solve the first equation for y. 
Substitute the value of y in the second 
equation; solve for x. 



Substitute value for x in the first 
equation. 



Check: Substitute x and y values in the 
second equation. 





y 


ss 




2(to) 


- fa 






fa 


- fa 


as 


0 




Ix 


K 


0 




X 




0 




y 








y 


S 


HO) 




y 


S3 


0, x = 0, 


2y 


- fa 


rs 




2(0) - 


6(0) 




o ~ 




0 


ts 


0 correct 



A system of equations with a single solution-one pair of numbers, such as the 
four you have just worked through, are called consistent systems However it 

manrSluJion" * ° f eqUati ° nS C ° W n ° Solution at all > " to Sve 

For example, the system of equations 

y + 3k - 5 
2y + 6x « 10 

has no solution. If you solve for y in the first equation, 
y - 5 - 3x 

and substitute this expression into the second equation, 

2y + 6x - 10, or 2(5 - 3x) + fa - 10 

10 - fa + fa - io 
10 « 10 

-Xit t E?i d0 ?* SOlve 1 for either x ° r V- There is no one set of numbers ' 
s^d S L 8 ^ T I SO i" tion ' this happens, the number-pair solution is 

£ th« which F«"y °eans the equations are the same equation 

In the above example, note that the second equation 2y + fa - 10 is exactly 
twice the first equation y + fa - 5. There is an infinite number of « /of 
numbers that will satisfy the two equations. P 

Fo r/ example: x - 0, y - 5; x - 1, y - 2 ; x - 2, y « 1; and so on... 
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Example of a dependent system: 



3* - y 


St 


5 




to - 


10 


at 


2y 






y 




3x - 


5 - 


to - 


10 




2(3x 


- 5) 


to - 


10 


at 


to - 


10 




0 


at 


0 « 





Solve for y in the first equation. 

Substitute in the second equation and solve for x 

Although this is true, the variables have dropped 
out and you cannot get a unique solution. This 
system is dependent. 

If a system of equations is such that your attempts to solve them produces 

Ji,. « ? St ? tanent ' the equations are said to be inconsistent. For example, 
the pair of equations F ' 

y - 1 « 2x 

2y - to « 7 is inconsistent. 

If you solve the first equation for y 
y " 2x + 1 

And substitute this value for y into the second equation 

2(2x + 1) - to - 7 
to + 2 - to « 7 

or 2 - 7 which is false. 

All the variables have dropped out of the equation and you are left with 
an incorrect statement. The original pair of equations is said to be 
inconsistent and the system has no solution. 

Example of an inconsistent system: 

2* - y » 5 
2y - to « 3 

2x - y - 5 — — 

-y " 5 - 2x 
£ - 2* - 5 



1 1 



Solve for 1/ in the first equation 



2(2* - 5) - to « 3 — Substitute in the second equation and solve for x. 
HX - 10 - 4x ■ 3 

-10 - 3 -*~ Inconsistent since the variabler. disappeared and 
you are left with an incorrect statement. 
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SOLUTION BY ELIMINATION 

The second method for solving a system of equations is called the method o* 

£"22^ ^ iS d K iff iCUlt ° r 0eSSy t0 S ° lve ° ns ° f the equates ^ 
for either x or y, the method of elimination may be the simplest way to 

solve the system of equations. For example, in the system of equations: 

2x + 3y = 7 
4x - 3y = 5 

^^f^Tf^ 0 "," 11 be S ° 1Ved f ° r X ° r * without introducing fractions 

SIM a It t0 Witb * BUt y ° U Can Bia ^y add the two eauations 

together and the y terms will be eliminated. 

2x + 3y = 7 

4 r - 3y = 5 — - Add 1 like terms 
6x + 0 =12 
6ar = 12 
x = 2 

Now substitute this value of x back into either one of the original equations 
and solve for y. The first equation becomes-. equations 

2x + 3y = 7 
2(2) + 32/ = 7 
4 + 3y = 7 

3z/ = 7 - 4 
3# = 3 

J/ » 1, x e 2 or (2,1) is the solution. 
se= e o„ k d t e, e u a S r 1 io„ ti ° n Substitu ""S the «* - — y back Into the 

4x - 3z/ = 5 
4(2) - 3(1) = 5 * 
8-3=5 correct 

Another example: 2x - y «* 3 

■V + g s 9 — Add like terms 

2x + z/-2/ + x = 121 _ r 

2x + 0 + x = 12 J — Combine terms 
3x = 12 
x ■ 4 

Substitute the value for x into the second equation 

y + x « 9 

2/ + 4 = 9 

2/ - 9 - 4 

J/ - 5, x = 4 or (4,5) is the solution 

Check by substituting the values for x and y back into the first equation. 

2x - y = 3 
2(4) -5=3 

8-5=3 correct 
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When adding the two equations you may find it easier to rewrite the equations 
as you need to, to line up the variables and the constant terms into the same 
columns:. Hook at Figure 1. 



J 



5+ x = 5y 
-X +Y = jo 



X - 5Y = -5" , 



% 








- 5 


-X 




Y 







L 



V column 



-X column 

Figure 1: Lining up variables and constants. 



EXAMPLE PROBLEMS: Solve the following systems of two equations by using 

elimination. 



1. 



~ + 5y ■ 17 

+ 3y ; 7 

0 + 8y » 24 

8y - 24 

- 3 



Add like terms 



Substitute the vslue of y in the first equation. 

x + 5(3) « 17 

x + 15 - 17 

* - 17 - 15 

x - 2, £ * 3 or (2,3) 

Check by substituting the values for x and tv back into the second * 
equation: 

-x + 3v » 7 
(-2) + 3(3) « 7 

-2+9=7 correct 



22!) 
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3x - by m 30 
4i/ + 3x = -6 



Rearrange the order of the terms in the second equation. 



3x - 4j/ « 30 
3x + 4zy = -6 
6x + 0 =24 
6x - 24 
x » 4 



Add like terms. 



Substitute the value of x in the first equation. 

3(4) - 4w = 30 
12 - Ay » 30 

=30-12 
-4z/ ■ 18 

equation. SUbStitUting V3lUeS * 3nd * back 1111:0 the sec °nd 



3. 



3x + 4y = -6 
3(4) + 4(-4~) = -6 
12 - 18 ■ -6 



6a - y » 5 
2/ - x = -5 



correct 



Rearrange the order of the terms in the second equation: 



6x - y m 5 

5x = 0 « 

x ■ 0 



Add like terms 



Substitute the value for x in the first equation: 

6x - y m 5 
6(0) - j/ * 5 

~y - 5 

# - -5, x= 0 or (0,-5) 
equation. SUbStitUtin8 f ° r * and » back into the 



second 



z/ - x = -5 
-5 - (0) •= -5 

-5 ■ -5 correct 
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4. 



■5* + 2y 



10 



y + 1 "fe 



Rearrange the second equation: 



f + 2y 



10 



NOTE; When .you check your 
solution, always use the 
equation you did not use 
to solve for the second 
variable. 



+ y ■ -l 



<<5 



3y 
2/ 



9 

3 



■Add like terms 



Substitute the value for y in the first equation: 



2« + 2y - 10 



2» + 6 »10 
1 

7^ ■ 4 




* » 8, y - 3, or (8,3) 
Check by substituting the values of x and y back into the second equation. 



y + 1 ■ 2* 



3 + i 
4 



|(8) 

4 correct 



I L! 0Be ,f? rSteBS ° f e< * uations either x nor y can be eliminated by simply 
adding like terms. For example in the system 

3x + y « 17 
a; + y ■ 7 

adding like terms will not eliminate either variable. To solve this 
system of equations, you can subtract like terms as follows: 

3x + y « 17 
x + 11 ■ 7 • 
3x -x + 1/ - i/ = 17 - 7 
2r + 0 » 10 
x - 5 

Then, as before, substitute the value for x in the second equation: 

x + y ■ 7 
5 + J = 7 

y » 2, x = 5, or (5,2) 

Check by substituting the values for x and y back into the first equation: 

3x + y - 17 
3(5) +(2) -17 

15 + 2 - 17 correct * Ji 

s 
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EXAMPLE PROBLEMS: Solve the following systems of two equations by 
elimination. 



1. 



2x + ly = 29 
2x + y a 11 

2x-2x + 7z/-z/=29 
0 + 6y = 18 

2/ ■ 3 



- ll««-Subtract 1 ike k terms 



2x + 3 
2x 



11 
11 



2a; = 8 

a = 4, y = 3, or (4,3) 



Check: 



2x + lv 
2(4) + 7(3) 
8 + 21 



29 
29 

29 correct 



2. 



Check: 



2x + 3y = 21 
2x + u = 15 
(2* - 2s) + 3y - w = 21 - 15 
0 + 2y = 6 
2/ = 3 

2x + (3) = 15 
2x = 12 

* a 6, y - 3, or (6,3) 

2.T + 3j/ ■» 21 
2(6) + 3(3) = 21 

12 + 9 = 21 correct 



-In some cases; you cannot eliminate either variable by adding or bv sub- 
tracting equations. For example, 7 

2a; + 4:/ = 26 
3a: - 2j/ - 7 



The 1/ column 



t4y 




when you multiply the 
second equation by 2* 



The second equation 
becomes : 

and the cyp«,em can then be 
rewritten as another equal 
system as follows: 



2(5) + 4t/ - 26 
Cy «= 16 
V *> 4, x - 5, or (5,4) 



2(3r) - 2(%) - 2(7) or 
6cr - 4y = 14 



2r + 4j/ = 26 

6r ~ 4zy ■= 14 

8r + 0 = 40-^Add like terms 

x = 5 



Check: 6(5) - 4(4) « 14 

30 - 16 * 14 correct 



12 of 32 



EXAMPLE PROBLEMS: Solve the system of equations by multiplying one 

equation or the other by another number, then add 
the two equations, and then use the process of 
elimination. 



!• 5a: + 6y » 14 

3x - 2y - -14 

K 3(3x> + 3(-2i/) » 3(-14) 
9x - 6y = 42 



Multiply the second equation by 3. 



2. 



Check: 



Check: 



5x + 6y 


2 


14 


9x - 6u 




-42 


1 hX t U 


S= 


-28 


X 


1= 


-2 








—in -L £i< 

"1U t 02/ 




1 / 

14 


62/ 


ss 


14 + 






24 






4, x 


XZ - LXj 




-14 


->\ w ^V.4J 




-14 


-fi - ft 

D O 




14 


5x - y 


= 


l 


2j/ + 3x 




n 


2(5x) + 2(-y) 




2(1) 


10tr - 2y 




2 


lOx - 2i/ 




2 


3x + 2y 


£3 


11 


\2x + 0 




13 


X 




1 






1 


5(D - y 




1 


5 -y 




1 


-y 




1 - 5 


y 




4, x 


2y + 3x 




11 


2(4) + 3(1) 




11 



Multiply the first equation by 2. 



8 + 3 = 11 correct 
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3- -x - 2y = 1 

-2x + 3y =-19 

-2(-c) - 2(-2y) = -2(1) 
2x + ku = -2 

2x + hy = -2 
-2x + 3v = -1Q 
> 7J/ = -21 

= -3 

-x - 2(-3) = 1 
-x + 6 = i 
-<c = -5 



Multiply -the first equation by -2. 



* = 5, y = -3, or (5,-3) 



Check: -2(5) + 3(-3) 
-10 - 9 



-19 

-19 correct 



Lock at this system of equations: 

3x + 2y = 7 
- 3y = -2 

You can see that there is no single number you can use as a multin"" ier to 
eliminate one of the variables when the equations are added. Instead, you 
mus. convert each equation so that when the tvo new equations are added, one 
of the variants is eliminated. For example, to eliminate the u variable in 
the system ot equations above, you must multiply the first equation by 3 and 
the secona equation by 2. 



Fir*i equo+ion: [3* + Zy =- 7 | . |muU-,ply by 3^ > | * + 



The nev system of equations becomes: 

9x + 6y = 21 
8r - 6v = -1< 



17s: + 0 = 17 
z a 1 



Proceed as before 



Check: 



9(1) + 6/ = 21 

6/ = 21 - 9 
6y = 12 

y = 2, x = 1, or (1,2) 

8x - 6u = -u 
6(1) - 6(2) = -h 

8 - 12 = -1* correct 



ERIC 



3-218 234 



Ik of 32 



Nov try this system of equations: 2x - 5y = 9 

3x + Uy = 2 



f=.r*+ equation: 12<~SV « 9 | |mulhply ~6>+ + tSV g-27 



-6x + 15y = -27 

6g + 8y = li 

23j/ = -23 

J/ = -1 



Proceed as before. 



6x + 8(-l) 
6x - 8 
6r 



U 

12 

= 2, y =-1, or (2,-1) 



Check: 



-6ce + 15y 
-6(2) + 15(-1) 
-12 - 15 



-27 
-27 

-27 correct 



EXAMPLE PROBLEMS: Solve the systems of equations by multiplying one equation 
" by one number, the other equation by another number. Add 

the two equations. Then use the process of elimination. 



2z + 2y = h 
5x + ly = 18 

First equation: 2x + 2y = k, multiply by 5 - 
Second equation: 5^ + ly = 18, multiply by -2 — -lOx - iky 

Proceed as before. 



-*»lQx + lOy = 



20 
-36 



lOx + lOy = 20 
-10a - lfe = -36 
-ky = -16 

v = 



Check: 



2r + % 
2x + 2(U) 
2s 
2x 
x 

5x + It; 
5(,-2) + 7(l») 
-10 + 28 



1» 

k 

h - 8 
-2; 

-2, y = U, or :-2,M 

18 
18 

18 correct 
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2. 3x + 2y = 10 

2x = 5y - 25 

First equation: 3x + 2y = 10, multiply by 2 _ 6x + ky = 20 

Second equation: 2x = 5y - 25, multiply by -3—*. -6x = -152/ + 75 

Rewrite the second equation as -6 + 152/ = 75, then 

6x + Ui/ = 20 

-6x + 15;/ = 75 -m Proceed as before 

192/ = 95 
y = 5 

* + 1(5) = 20 

6x = 20 - 20 
* = 0, y = 5, or (0,5) 

Check: -6r + 152/ => 75 
-6(0} + 15(5) = 75 

75 = 75 correct 

3 : -lx - 13 = 2y 

3y + hx = 0 

Rewrite both equations as: -7x - 2y - 13 

lis + 3y = 0 

First equation: -7x - 2y = 13, multiply by 3 21x - 6y = 39 

Second equation: + 32/ = 0, multiply by 2 — 8x + 6y = 0 

-23* - 62/ = 39 

&c + 6.V = 0 „* Proceed as before 

-13x =39 
x = -3 

8(-3) + 62/ = 0 
6y = 2h 

y = 1», x = -3, or (-3,10 

♦ 

Check: -2ix - 62/ = 39 
-2i(-3) - 6(U) = 39 

S3 - 2k = 39 correct 

SOLVING SHOP PROBLEMS 

In practical shop problems, you must solve a system of equations; you must 
also learn to write the equations. You may need to review the material in 
Project 2 S entttled "Algebra 2" covering signal words and how to translate 
Engl-usn sentences into mathematical equations and expressions. 
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Here's an example: The sum of two numbers is 26 and th**r difference is 2, 
(Let x and y stand for the two numbers.) 

Tfc* >um 4wo numbers f \$ 2fc 

... rBufcir diffe rence: is 2. • 

J * * 

%-Y = z. 



The two equations are: x + ^ = 26 * 

x - y = 2 

Solving as before by elimination you get: 

x + y s 26 
g - y s 2 
2a; = 28 

X + Jf = 26 

Ik + v = 26 

j/ = 26 - ll 

y « 12, x = lu, or (1^,12) 

Check: x - 1/ = 2 

111 - 12 a 2 correct 

Another example: The difference of two numbers is ll and the larger number 
is three more than twice the smaller number. Let L = the larger number and 
S = the smaller number. 

The first should be translated as: 

The di#*r*nctr of 4v/o numbfer6. ts J4 

J \ i 

L-S « 14 

and the second phrase should be transit zeL as: 



+Wc Urcer number 1* +hr*<e rnorfr +har> smollirr, 

~T~^ t n I 1 

L =5 + 2S 
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Then the system of equations "becomes 



9 

ERIC 



L - S = Ik • % 

I = 3 + 2S 

To solve this system, the substitution method will he easier than the 
examination method. 

Substitute the value of L in the second equation into the first equation: 

(3 + 2S) - S = Hi 
3 + 2S - S = Ik 

S = lU - 3 
S = 11 

Then substitute the value,- for 5 into the first equation: 

I - 11 = ll» 

£ = 11 + lU 
£ » 25, 5 = 11 

Check in the second equation: 

L = 3 + 25 
• '25 = 3 + 2(11) 

25 = 3 + 22 correct 

, ^waz/s ctec* you, answer. It is very easy to make simple mistakes. Be 
sure you are right. * De 

MORE EXAMPLES r 

1. The total value of an order of nuts and holts is $1.1*0. The nuts cost 
5* each and the holts cost 10* each. If the numher of bolts is four more 
,„han .vice the numher of nuts. Hoi^many of each are there? (HINT: Keep 
all mcney values in cents to avoid decimals— it makes it easier. ) 

In problems of this type it is sometimes helpful to set up a table: 



^ Z-hfcm 


Mumbfcr ©•£ iWmi 


Cost p*r X4-cm 


To4t»i Cosf 




M 

B , 


S 
10 





Ycu car. vrix.e the first eoua-sion as: 



Th * jyt-ol vqlu4 o-P on prefer 6-r hufs anef belJ-s i& \A-0 

1 1 1 



.Ski +ioe» 




1 
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The second equation would be : 



. ,4h» number gfbojfr* n f ©ur mor* 4Won Iwic* 44%t number ©f nuf* ... 

I I I { ' 



The system of two equations .is : 

5A' + 10B = Iho 

3 = 1+ + 2N 



2ff) = 


ll»0 


20tf = 


,11*0 


25A? = 


100 


• N = 




B = 


k + 2N 



B « k = 2{1») 

B = 1» + 8 

B ■ 12, ■ 1» 

Check in the first equation: 

5N + 10B = il*o 
5(1*) + 10(12) = ikO 

20 + 120 = ll»0 correct 

2. The perimeter of a she,et of metal is 350 inches. The length of the sheet 
-s 10 inches more than twice the width. Find the dimensions of the sheet 
Let L ~ length and W * width. Recall that the perimeter is two times the" 
-eagth plus two times the width. 

The first equation becomes: 
Th* p*rim*Hr of a sh«*f of m*fol ,5 350 mch«& 

2L+ZW * 3<>0" 



'* sec;r.a eqaaticr. beeches: 



• ' I I I 1 
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The system of two equations is: 

2L + 2W = 350 

L m io + 2W 

Substitute the value of L in the second equation into the first equation: 

2(10 + 2W) + 2W = 350 
20 + kW + 2W = 350 
6tf = 330 
A' = 55 



£ = 10 + 2W 
L = 10 + 2(55) 
£ = 10 + 110 
L = 120, ^ = 55 

Check: 21 + = 350 
2(120) + 2(55) = 350 

2l»0 + 110 = 350 correct 



3. A lab technician wishes to mix a 55 salt qniirn™ „ ■> c # 

to obtain k liters of * l?« «i + !l sol ution and a 15% salt solution 

-t he aa^^^^^S^- ^on^""' " ^ " 





Amount (.i-}-*r$^ 


SolV -f rgcfion 








.OS 

.IS 





I». final solution is to contain I liters. Therefore, the first equation 

A + B = k 

The second equation can represent the total amount of salt. 

L^lVJ/ 1 *** M ' 12) ' ^iP^ing this equation by 100 to eliminate 
the fractions, the system of two equations becomes eliminate 

A + B = U 
5A + ,15B = IB 

Multiply the first equation by -5. 

A + B = k multiplied by -5 »~ = -5^ - 55 = _ 2 0 

-5-4 - 5B = -20 

54 + 15B = UB 

10B = 28 

B = 2.8 



3-224 



240 



20 of 32 



A + B * k 
A + 2.8 * k 

A » it - 2.8 

A » 1.2, B « 2.3 



Check: 54 + 155 
5(1.2) + 15(2.8) 

6 ♦ 1»2 



l»8 
1»8 

1*6 correct 



QUADRATIC EQUATIONS 

llVS^/if*? yo ^ heve 0Rl y W0I *e* vith linear equations. Berber, 
power Tor 222? 2* T ^ ** appear only to the first 

asT'vhS JJf^SiJ? ? " * * 6 18 - a linear «*uation. The variables appear 
as x which is equal to x or y which -is equal to y. No powers of x or 
* appear as *» **, j/»,... in equations. 

fqSSSS variable appears in the second * over is 

The following are examples of quadratic equations: 

1. x f = I49 

2. * + y % » 1» - y 

3. 5r* + 2r - 9 = 0 
J*. + 28 

5« y + 2r = 2/* 

Every quadratic equaticr. car. be put into a standard quadratic form. 



± 



% ktrm 



1 



© , where a ainnof «<jual o 



ERIC 



lZ7°:T^ C e T tiC . r> ? U St h£Ve &n * terc ' alth0 '^ h the * t«a and the 
constant tern aay he nissir.g. For example, ** + 6 * 0 is a quadratic 
equation in tae standard forr. The « tern is ^issinc but the other 
terror ere in the right :rier end the equation could be written as : 

x l + o(«; + 6 = c 

The following quadratic equations are in the standard form: 



1. x + 3x = 0 

2. x* + 12 = 0 

3. **= 0 

fc. x*+ 5a: - 16 



241 
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The following quadratic equations are not in the standard form: 

1. 3* + &■= 5x* 

2. 3x = h x * 

3. 16 » 5x Agar* 
32 + x* = l6x 



_$x 



To put any quadratic eauation in the standard form, simply transpose all 
the terms on the right We of the equation to the left side. Then be- 
ginning on the left, write the x*tem, the x term and then the constant. 

EXAMPLES: \ 

1 * % 16 s te \ + & * Transpose all terms to the left. 

16 - hx - 2x = 0 Arrange in the order of x* t x, and 



-kx % - 2x + 16 = 0 



constant terms. 

Multiply by (-1) to make the co- 

kx* + 2r 16 ~ n - ff fl ° ien ' f the 8 ^ared term positive. 

w + 2r - 16 - 0 — Standard „orra. 

x = 16 - 2x x <m Transpose all terms to the left. 

x - 16 + 2x % = 0 ^ Arrange in the order of x*, x, and 

%. constant terms. 

Standard form. 



2x + x - 16 = 0 
3- x* - Gx * 9 = 149 



Transpose all terms to the left. 



x - 6r + 9 - i»9 = 0 Arrange in the order of x\ x, and 

constant terms. 



x - 6a? - liO » 0 



3x + l«x*-5-». 
3z + l-x* + 5 = 0 ~* 



Standard form. 

Transpose all terms to the left. 

Arrange in the order of a:*, x, and 
constant terms. 



-x + 3x + 6 = 0 -* Multiply by (-1), 

x - 3x - 6 = 0 -is- Standard form. 



SOLVING QUADRADIC EQUATIONS 



The solution to a linear equation is a single number. The solution *o « 
quadratic equation is a pair of * mbers. lach number satL^es Ihe Nation 
Sometimes the two solutions may be the same number. In practical 
there are generally two different solutions. For nsSnf e! Se quaSatiT 
equation x* - 5* + 6 = 0 has the solution x = 3 and x . 2. To check 
substitute the two values of x into the eouatinn heCk thi8 ' 



x 



x into the equation. 

(3) X - 5(3) + 6=0 

9 - 15 + 6 = 0 correct 

x = 2 (2)* - 5(2) + 6 = 0 



- 10 + 6 = 0 correct 
3-226 
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?J« ^JSL? T draC1C ? 8 ° 1Ve 18 °^ in Which th * ««« term, or 
cern » 18 nl8 « i n«- For example, to solve the equation 

* - 25 » 0, siaply rewrite as 
*' 

* - 25 and take the square root of both sides of the 

equation, 

^ - ^25 
X - JlS 

z ■ is which means a: «■ 5, and x - -5 
Check: • - 5 - 25 - 0 

(5) (5) - 25 - 0 

25-25-0 correct 

* - -5 x X - 25 - 0 

C-5X-5) - 25 - 0 

25-25-0 correct 

eqnaS ° f th " °* y be *»«tttt in solving a quadratic 



if 



EXAMPLE PROBLEMS: Solve each of the following quadratic equations by 

"f , ter ° ° n the left « the instant terms 

on the right, and taking the square root of both sides. 
LnecK both solutions. 



1. 3x»- 27 - 0 Check: z = 3, 3(3)* -27-0 

3c *" 27 3(9) - 27 -0 



9 



27-27-0 correct 



f"' ' ■» MM. I W V 

Vx*» /9 . check: « = -3, 3(-3) k - 27 = 0 

* - 3, * - -3 3(9) . 27 = 0 

2. • x*- 3.5 - 0 27 - 27 = 0 correct 

x l - 3.5 

J* 1 - yiTs 

x - 1.87, x - -1.87 (rounded) 

Cneck: x - 1.87 (1.87)*- 3.5 - 0 

3.5 - 3*5 ■ 0 correct 

* " 1-87 (-1.87)* - 3,5 - 0 

3*5 - 3.5 « 0 correct 



213 
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3- 9x » 49 



x - -L - ^ 

3 3 



7 

*" 3' 


7 1 

9$ 


= 


49 




«,49, 
*<rp 




49 




49 




49 


x - ^, 
3 ' 


7 2 

9(y) 




49 




9(f) 




49 




49 


xs 


49 



4* 6 - x = 0 



a:* - 6 



six* = 
a: » /IT 
* - 2:45, x = -2.45 (rounded) 



Check: * = 2.45, 6 - (2.45)* =» 0 

6 - (6) = 0 correct 
x = -2.45 6 - (-2.45)* - 0 

6 - (6) = 0 correct 



no U rS? Uld ?° tiCe u th3t an e < uation like = -16 has no solution. There is 
no real number x whose square is a negative number. " 

xM™ 6 "^ 3 qUSdratic e < uation w iH h^e all three terms: an term an 
L^rd^rm:^^ ^ ^ S ° 1Uti ° n ° f ^ « uad ^ equation'™' 



ox*- + by. + c «= O t& 



X» -b + 7 b x ~4ac , or x » -b - s/ b^-^ac 
which •* ^*nera 11 y writer! qs ; 



r V> *>/b*-4gc_ _^ Thft Q U0d r^c 

^ a formula 

thLe^Sps 1 :' t0 S ° 1Ve qUadrat±C eqUati ° n 10 * + " » °> follow 
Step 1: Identify the coefficients a, 2>, end c for the quadratic equation: 

2* x - lox + IZ = o 
o*2 j I b>= — 10J (c»i2. 

er|c 
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Step 2: Substitute these values a s i i and a Into the quadratic formula: 



2(2) 



Step 3: Simplify this equation for x: 



4 

4 

X - io + 2 « j_x 
4 . 4 

% - to- 2 * &_ 
4 4- 



3 , and 



X = 2j and a » S 



Step 4: Check the solution numbers by substituting them into the original 
equation: 



check : Z% x - lO* + »Z = O 
•« *=:S, 2(3)*-10(s)+IZ-O 
2(S)-5o + IZ=0 
18-30 + 12 = o ; corrfrcV 



**Z, 2 (z) x - 10(2.) -r 12= o 
2(4)-20<H2sO 
8-20+lZ«o, corrtcl 



EXAMPLE PROBLEMS: 



Solve the quadratic equations that begin on the next page. 
First write them in the standard form and then use the 
quadratic formula. 



ERIC 
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{. 14* X x + Sx 

Sf*p 2 : x - ~5-±s/(|5T,4(l)C-14) 

2(0 

SfepS: ( Simplify) 

Z 

x = -s±\fa\~ 
z 

X s -5 ±3 
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2 

2 ' 2 
* = Z , X = -7 



X - - S -3 



sHp4: (chftclc) 

X x +Sx-l4 so 

• <*r+5<*)-*-o x«-7, (-^+tf(. 7 )-i4.o 

4 + lo-K-O, correct 49-3*-,4 -o, corrtc* 

2. 5x*-7x»S 

3<*-7x-S-«d^ Standard 

SHp 1 t d«3, bs-7, C*-S 

SV *P Z ' * = ~(-7) ±J(-7) z -4(sX-5) 

2(5) 

S4-* P 3: (Simplify) X e 7 ± J+9±kO 

G 

X « 7l^toS 

>C ? 7 4 to.44 , X ■ 7- lo.44 
X c t7. J 44 , x - -3.44 



X s 2.91 



X ■ -o.^T 



Step -4 : ChfceL 

OX x -7X-£ = o y x-Z.91 X« -0.5-7 

• 5(2.9l)*-7(2.9i) -5- O 3-220-1 5 (0.57^7(0.^7) - S-O 

2S.40-20.57^.^o, correcf 0 ,7S *S.M-ff* 0 , correct 

(. . 2 
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2(6) . * 

S+tepS. (simplify) X g -5 ± >/2S-r4o8 r 

- ~T~TT~ ' i& 

l-2<> VC e -1.65/ ' 

XJ»**P 4. Check. &tf*-*-£T*-19~o 1.89 * 

i«.7+.fe. 5-\9^o 28.5 -3.48 - 19 £o 

C*rr*cA- correct 



4-. ZX X - 5>t + 17 *o 3-hmdard -form 

"Sr<^p < : = b*-^ , Cm 'If 



£r*p 2 : * « V(-g)*-.4-(gK«7) 

sHp 5 : (simpd-fy) % < « >5~ ± J 25-1^6 

* '\ 
X - £ £n/-(u1 - y^uf the ^uor€ 



^ roof or a ofc^a4-«\/6 

number \i impossible 
•Vo -rind i-f our answer mrtus-r a reol number. 

"T^^rfc-?or6 -VKis C|uodra4-ic equation Wqs no ^oluVion. 
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WORD PROBLEMS AND QUADRATIC EQUATIONS 
Consider the following problem: 

One side of a rectangular opening of a heating pipe is 3 inches longer than 
the other side. If the total cross sectional area is 70 square inches, find 
the dimensions of the cross section. 



Th«m L * 5+ W ; end area = LW, or 70 • L\A/ ^ 

Sub*-Mu-rmg L« 2+W \n +We **pres*jon for area } ybu qt-r 
70 =(3+w)(w) = 3v/ + W^ 4Un W l + 5W-70 — Standard -form 
a = f, fc>=5, c= - 70 

2ft) 

v*J = - 5 ± VPj 280 
2. 

W = -5 ± I7 j W = - 5 -17 
2 21 

w = j4- j vy a -2o 

2 2 

W = 7 . A/ = -io 



Only the positive value makes sense. 
Substituting back into the equation, 
Check to see if LW = 70. It does. 



The answer is W = 7 inches, 
L = 3 + W, L = 3+7, or L «= 10. 
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EXAMPLE PROBLEMS: Solve the following word problems by using the quadratic 

formula , 



1. One side- of a rectangular plate is 6 inches longer than the other. The 
total area of the plate is 216 square inches. How long is each side? 

L*4- L=rUn<jH> ©£rfcci-onglfc-, ond 
Th*n L = fc4-W and LW=2i6j 

(£>4-W)vs/ = Z\h } and 6w+W^2iG 
W X +fcW-2K. = o — iA-onqard 4orrr> 

Wr -Cfc) ±VCfc^AflY-2lfej_ 
*(/) 

* I 

z z 

w 48 €± , w = 

z z 

W - 12. , W = -18 



Only the positive va^ue makes sense sc, V.' = 12 inches. Substituting 
back into the equation, L ■ 6 * V, I = 6 + 12, or L = 18 inches. Check 
to see if LK ■ 216. It dees. 



9 
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2. The cross sectional area of a rectangular duct must be 144 square inches, 
If one side must be twice as long as the other, find the length of each 
side. 



Lt»f L= 44tfe long 6idfc and W s .anorf- 6ide- 

Th«n L=-2Wj and LW= 144 ) Suba+i-ru-r* L= 2w >n4© -fnt- 

6x£r**sion W krero : 

l_W = 1 4-4- ^ (2w)(w)- \4-4 , 2w l . 14-4 

2W*-~I4>4 s O ^ sfondflrd -rorryj 

fls2j bro, c g — >4-4- 

W = -Co) j N /(c) r . t .4CzX»4-4-) 

+ r—- 2(2) 

W « t \/ 1152. 



4 

W r 35. S4 (rounded) , W = -S£94 (rounded) 

4 4 
W = 8.49 (rounded), - 8.4-9 (rounded) 

Only the positive value makes sense so, W = 8.49 inches. Substituting 

back into the equation, L ■ 2W, L = 2(8.49) =16.98. Check to see if 
LW = 144. It checks. 

Now you can try some Shop Problems. 




FIGURING THING'S COT / 



9 
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SHOP PROBLEMS 



1. Your boss gave you a strip of sheet metal 14 inches wide. You must 

make a rectangular duct with a cross sectional area of 12 square inches. 
What will be the dimensions of the cross section? Look at Figure 2. 

L W 




Figure 2: Rectangular duct. Find L and W. 

2. The perimeter of a piece of sheet metal is 288 inches. Your supervisor 
asked you to find the length and width of the sheet. The length is 3 
inches more than twice the width. Remember that the perimeter is 2L + 
2W if L » length and W * width. 

L m W 



3. Your bos9 asked you to cut a 36-inch piece of steel rod into two pieces. 
The longest piece should be 6 inches less than 4 times the length of the 
short piece. What is the length of the long piece? What is the length 
of the short piece? 

Long piece_ Short piece 

4. A customer buys 8 identical shims and 6 identical brackets for $16.80. 
AnotKer customer buys 6 of the shims and 8 of the brackets for $15.40. 
How much does a bracket cost? How much does a shim cost? 

Shim cost Bracket cost 



5. You wish to mix a 20% solution of cutting oil with a 5% solution of 
cutting oil to get 2* gallohs of 10% solution of cutting oil. How many 
gallons of each solution should be mixed? (Hint: Refer to example 
problem No. 3 on page 19 of this Project Sheet.) 

Gallons of 20" solution 

Gallons cf solution 



25; 
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You have a mixture of nuts and bolts which total 175. The number of 

bolts is 25 more than twice the number of nuts. How many nuts and 
bolts are'there? 

Huts_ Bolts 



7. Your boss gives you the layout of a right triangle as shown in Figure 3 
You are to lay out a similar right triangle so that its area will be 
twice the area of the given right triangle. Remember that the area of a 
triangle is one-half times its base times its height. 





HmV : r-fccoll -Hia4" corresponding Side-s o£ 
Similar -rnanolfcs ore- proportional- 



Ftgure 



Area of similar triable. 



8. your supervisor asked you to cut a piece of sheet metal such that the 
length is 3 inches more than twice the width. The difference between / 
the length and width is 18 inches. What is the area? (Hint: First ' 
find the length and width.) 

Area 



Here s a good practice problem. Although it may not be a shop problem, 
it wil- make you use your abilities in translating English statements 
into algebraic expressions. If A times the larger of two numbers is 
added to 3 times the smaller, the result is 26. If three times the larger 
is decreased by twice the smaller, the result is 11. Find the two numbers 



Large meter 



Small merer 



9 
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10. Your boss wants you to machine a channel as shown below in Figure 4. 
The inside .cross sectional area is to be 3 square inches. The inside 
width of the channel is to be 12 times the inside height of the channel. 
What are the dimensions of the inside width and the inside height? 



Inside width 



Inside "height 




Figure 4: Find inside width and heiaht. 



SHOW YOUR WORK TO YOUR INSTRUCTOR. 
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PROJECT 4 
SHOP GEOMETRY: PART 1 

$ Here's what you will need: 

1 . This Project Sheet • 

2. A protractor to measure r.he angles on 
page 3. 

3. A pen or pencil to answer the problems 
in this Project Sheet, 



$ Here's what 



you do: 



Thic Pr Ject sheet is abQut geoBe 

learn about angles and their measurements. You 
will learn what a polygon is and how tQ find 
tne area and perimeter of different kinds of 
polygons. This Project Sheet will help you to 
solve m any shop problems using geometry. 

1. Read and study the basic rules and form- 
ulas on pages 2 to 31. 

2. Work the Shop Problems on pages 32 to 35. 

3- Have your Instructor check y 0U r work and 
record your score on your Student Train- 
mg Record. 

«. Askjour Instructor for your next Project 



G Here's how well you must do: 

1. You must score 8 out of 10 correct on 
the Shop Problems. 

2. Wo must answer questions about this Pro- 
ject Sheet to the approval of your InsL _ 
ructor. 
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ANGLE MEASUREMENT 



SHOP GEOMETRY-PART I 
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An angle is a measure of the s1?p «f f i,„ i 

lines. (Lines ave said to interact ? tW ° inte »^ting 

point of intersection (the % lace „h e r. rt ^ ? r °" ' aCh ° ther '> Th « 
and the lines forcing the opening are the sILs" 80 U ^ V " teX > 




An angle may be identified in 



any one of the following ways: 






-4- A&C or C£>tK 



-4 £> 



A* 

a l*4+fcr *r number 
placed m£i<j« 4-V>* 005!* 



As an example, the angle shown below may be named in f our differ£nt ways; 

(Vfer4- 6X l^r only) 
* « * " ( l*H*f piac*d , ft5 .d« 4U oigU) 




ERIC 



Tne basic unit of measurement of 
sngle size is called the degree. 



A degree is defined asj^th £f 
a circle. In other words, one full 
circle equals 360 degrees. The 
symbol for degree is °. 





^uorfer 
Circle 
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same as the symbol for inches)? ^ bo1 f ° r S6C0nds is "(the 



1 degree or 1 6 = 60 minutes or 6o' 
1 minute or 1 ' = 60 seconds or 6o" 



u.c Hicudi trades the reauired arm-*™ , , 

nearest degree, sometimes to the nearest »<„..;. \i* us ually to the 

nearest second. nearest minute, and very rarely to the 

You -measure angles with a protractor Re 1 ol? i e 

simple to measure angles wit ' tr "/ P1CtUre ° f ° ne ' Ic is quite 

tor for assistance. Protract. If you need help, ask your instruc- 




To measure an angle, place the proa-actor over h so rfc.t »t, 

in degrees where the other side of the anirle mt+*JL X XDe * su « 
Wbe* reading an angle clocks, ut the^^^!^ ° f *5 I"**** 
clockwise, use the lower scak. - upper scaJe and, when reading counter- 

* 0 ° W 66 " ad *» 0- noark on the left 

^EOPshouJdbereadcounterdocK^efrontheO-markontheright. ^OD = 60'. 



se your protractor tc measure the following at.-les: 






(0 4o* 



(2) 



(3) ioV 



ffl Li*! 



not 
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FACTS ABOUT ANGLES 
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1. An acute angle is less than 90°. 

2. An obtuse angle is move than 90 

3. A right angle is 90°. 

4. A straight angle is 180°. 





•cut* 



(mor* <W>on 



CL 



M^hV angle 
(fcquol 4t> 90*) 




(fcjuol lo 150*} 



5. Two lines that meet in a right or 90 ° angle, are said to be perpendicular 
The symbol for perpendicular lines is 1 perpenaicuiar. 



6. The symbol for a right or 90° angle is k . 

7. The sides of a straight or 180° angle make a straight line. 

8. Two angles that add up to 90° are said to be complementary angles. (For 
example, 47° and 43° are complementary angles since 47° ♦ 43 ° = 9o °. ) 

9. Two angles that add up to 180° are said to be supplementary angles. (For 
example, 132° and 48° are supplementary angles since 132° ♦ 48*. 180..) 

10. When two straight lines intersect, the opposite angles are equal and the 
, vertical angles are equal. (See below) B q 31 and the 




rvo4-fc 4-ko4- V£rf"ic.<il orujlfcS Can olio fc*£ 

11. Vnen two straight lir.es intersect, the adjacent angles - twc angle* witr 
a common side) always add up tc 18C C . (See beiow) p 

4-a+4.b * 180* (A'^aandb or € adjac^nl ^s) 
A- b +4- C » 180° b and C are- CKijo^n-r 

4 C4-4d - ISO" C4' S c <mdd art adjacent 4-'*) 
4 d +4 a « ISO* C4'i d and a « rfr aaWnf 

12. The interior angles of any triangle aod up to 180°. 




ERIC 
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13. Two lines that are always the same distance apart are parallel. ° f 35 

K. When parallel lines are cut by a third line there are some special re- 
la ionshxps between certain angles. When you know the facts lh2, \J 

a nttU bit oTi r fi8UrC ° Ut 3 l0t " b ° Ut a11 ^e ng es Jl h "tit 
a little bit of information. As you read through the list cf f.rrV k 1 
locate each angle or pair of angles in the drawing. ^ Uc " bel ° W ' 




0 

lo'the'pa/a'll/l'li^r ""^ ^ " intCr ^- 

*o\,V parallel \ t ™ ****** >^ ^ «« outside or exterior 

1ha\ Veln^s i" ll .Vd«: l "Tin: xT^' ^ 

4's rfand e are also called alternate interior angles Thev ar( . <nt • 
angles that are on opposite sides of the line XY. interior 

4's a and ft are called alternate exterior angles. They are exterior 
that are on opposite sides of the line XY. exterior angles 

•4's b and g are also called alternate evro-ri n r 1 
angles that are on opposite sides of The iZxl & ^ 

Here is the importance of the above definitions: 

Alternate interior angles are equal. 

= <£.'and %c= Xe 
Alternate exterior angles are equal. 

Otner pairs of equal angles car. be proven: 
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EXAMPLE 



PROBLEMS: Use some of the above FACTS ABOUT ANGLES TO SOLVE THE 
following problems: 




Given: Line segment AB is parallel to 

CD. .Line segments AB and CD are cut by 

line segment EF. (NOTE: A line segment 
is part of a line. ) 

Find: 4p, 2^ 4l>. 



a. AP= 110° , since 70° + 180°. 

b. <&q= U0°, £i nce p and qare opposite angles. 

c. «2tr=r 70 , since j$.ris opposite the 70° angle. 

d. A*= 70°, since 2U= &r (alternate interior angles^. 

e. -A.= 110°, since 4*= 4<? (alternate interior angles). 

L 7 U= 110 °» since Aa = 4.p(alternate exterior angles), 
g.-4i> = 70°, since -4^^ 180°. 

Given: Set of parallel line cut by a third line. 

Find: Angles y, Sj u, i J ~; V 

a. 2$z= 140° (straight angle = 180°) 

b. 2^y^ 1A0° (opposite angles are equal) 

c. 4 £= 40 ° (opposite angles are equal) 

d. ^u= 40° (alternate interior angles 
are equal) 

e. 140° (alternate interior angles 
are equal) 

f. 2^r= 4C C (alternate exterior angles 
are equal) 

g. ^L"- 14C C (alternate exrericr angles 
are equal; 





3. Find all the indicated ancles show: 



••n in the diagram below. 
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Cc) 




4^= lecf-fcs' + ZoO 
4 E - '57* 



4 A = 180'- (-^•it'S8»+ 75°46'52") 
-4 A =J80*- P 4fe # i2 / S8" 
+ 75*46' 52" 

Liw»-..^ + (i'io-)., Wji . 

4A" >BO°-|is*59' 50 '' !B , . . i fir 

•7S 59 GO -nof* +U J80°«n»»5S'60' 



--M3 "S3' SO 
^A* 60°o' so' 
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PLANE FIGURES: AREA AND PERIMETER 8 of 35 

following f igures are p°^ g „ ns , ?he W ' i 'P'lygO"" M „y sides . The 




A figure with a curved side 



is not a polygon. 






Polygon"'""' ki " dS ° £ P ° lre °- - ~ * ^ur^-^T™ 

In the general polygon shown i„ figure 1 below, each vortex (or corner) is 
labeled with a letter A. B C n anri r tk„ i corner; is 

ABCDE. ' C ' °' and E ' The Polygon is simply named polygon 




Side- BX 



■dioqon*. AC 



' Side DC 



Ficrure 1 

ERIC 



cetera 



O P 1 
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The sides of the polvgon are naned bv rh* i • 9 of 35 

AB, BC, CD, and so on. Net ice that a J -V 8 ?"" that f orm each sidg: 

dicate a side. " bar " P laced over the letters to in- 

The diagonals of a polvgon are rh» n„ 

vertices (vertices that are not next to L>TrT\ COn " ecc in S- "onconsecutive 
are she. as dotted lines in F^T^S. 0 ^ a ^ e * These 

In. the sketch below, identify ail f u -a 

of the given polygon * Sld6S ' verti «s, and diagonals 




u, v,w, x,V,Z 

2. Sloes: 

3. biagonojs: 



The most important polygon measurements vou will fi a 

are the perimeter and the area. Tne "per j^Ver i t ^ P " CtiCal ^op problems 

outside of the polygon. The perimeter ^ lv ^ SCanC6 ar<3und 

lengths of tne sides. f an > P ol >'g°n is found by adding the 




Adding up the lengths 0 f ;he side, i 

• Polygon. Finding the area is a lifU ^ r T glV * you che Perimeter of 
hancy formulas you can use to calcu a e the There are some 

can use these formulas, yc. must learn 3 P ° 1>g ° n ' Before *ou 

Polygons. First loo.at the quadrilaceraY^loursTc^^^Vn 1 ' ^ tyPM '° f 
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The first type of quadrilateral is a parallelogram. In a parallelogram the 
sides opposite each other are parallel and equal in length. Look at the sketchj 
below: ■ 




Th«^ z>\At& ore 
olt^o para iU{ and 



Figure EFHG at the right is a rectangle, a 
parallelogram in which the four corner angles 
are right angles. The b_ symbol at the vertices 
means right angles. Such a rectangle is a 
parallelogram because opposite sides are equal 
and parallel* 



Am 




- Figure 1JKL at the left is a square, 
^/rectangle with all sides equal. 



Figure HNOP at the right is a trapezoid.. 
A trapezoid contains two parallel sides 
and two nonparallel sides. MN and OP are 
parallel. MP and NO are not. 



U or* pare lie! 




If a fcur-siced polygon has none of' the 

aoove special features— -nc parallel sides 

call it a quadrilateral. QRST to the 
Quacn lateral . 



we 
U 



ERLC 
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RECTANGLES 

X H^f Pl3ne iS ^ of souare unitS of surface 

For example, in the rectangle shown below: 



within 



4" 



A" 



□□□□□ 

□□□□□ 
□□□□□ 

□□□□□ 



□ 



you can divide the surface into exactly 90 

a side. By counting squares Lr * L ! squares, each one inch on 

rectangle contains 0 I2*es '"I ° f **" ^ by 5 ~ inch 

20 sq. in, or 20 in*. 9 T 6nty SqUare lnches can be abbreviated' 

Look at Figure 2 " " y """PlUm '••« «° dimensions of the rectangle 













T 


A - LW 










i 




h l, h 





Figure 2: Area of a rectangle. 

Another example: 

Mnd che area of rectangle EFGH. ^ 
L = 9 inches 
* = 5 inches 

A, area = LW = (9 in)(5 in; 
A = ^5 sq in *\ 



5" 



9 
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The formula is easy to use, but be careful' It is onlv onn H f 
If you use this formula with a different polygon vou will Kir "« an 8l«. 
answer. H >gon ' y° u wxU not get the correct 
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The formula A = LW may also be used to find L or W when rfc ,u 

are known. As you learned in Al,.h« i a \, ! ° ther Entities 

are all equivalent: ^ 1 * nd Algebra »• the following formulas 



A = LW 



L = JL w 

w 



L 




T 

1 
















i 








h—- -8 M -H 





T 

i 



Ar*o of ihc 
op*ntn<| A * 

venf is L * A_ 
W 



Another formula that you will need m p ^ 

is for finding the perimeter of a re tan g l e i % ou "T TV ^ P roble - ■ 
Look at Figure 3. rectangle if you knov its length and width. 



Bfcnmfeffcr 
of 



T 

W 
± 



Howe 2: Perimeter of a rectangle. 





• 1. Find the area and perimecer of the rectangles shown below: 



8" 

00 



0>) 



4$ 



9f Y ds 




Cc) 



<<J> 



(a) A = LW 

A = (8")(6") 
A = 48 sq in 



P = 2L + 2W 
P = 2(8 u ) + 2(6") 
P = 16 » + 12 u 
P = 2j in 
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(b) A = LW 

A = (43")(12") 
A = 516 sq in 



(c) A = LW 

A = (9.667 yd)(2.667 yd) 
A = 25.78 sq yd 



(d) A = LW 

A = (1.8 m)(1.8 m) 
A = 3.24 sq m 



P = 2L + 2W 

P = 2(43") + 2(12**) 

P = 86"+ 24" 

P = 110 in 

P = 2L + 2W 

P = 2(9.667 yd) * 2(2.667 yd) 
P = 19.33 yd + 5.33 yd 
P = 24.67 yd 

P = 2L + 2W 

P = 2(1.8 m) + 2(1.8 m) 
P = 3.6 m + 3.^ pi 
P = 7.2 m 



NOTE: in problem (d) above, the recraneU < . , 

Look at Figure 4 below. rectangle xs a special rectangle— square. 



Area of* a square, A - s*" 



Fiaure 4; 



Perimeter and area of a square. 
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sr.r«r 4 on page 13 you can find the <* * •■*»« " you k „o» 



s = jr 



■ Solve for S 

Take the square root of both sides 
of the equation. 
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PARALLELOGRAMS 




"Thc«»€» polygons tire 

* H para lU\ oyr*m& . 



Figurel. the -^ ea ° f 3 ParaUel °8 ram u " the following formula 




in 




Figure S: Area of a parallelogram. 



NOTE: 



You do not use only the length of a side tc find the area of a 

tween the parallel sides at top and bottom. The height h is 
perpendicular to the base b . "eigne i S 

For example, in parallelogram CDBA the base is 
7 and the height is 10 ". Find its area. 

First: Write the formula A = bh 
Second: Substitute given values: A = (7")(lb££> 
Third: Calculate the area A a 70 sq in 

Notice that you ignore the slant height 12 inches. 
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Now, find the area of the parallelogram shown below. Be sure you use 
the correct dimensions. 




2+ cm 



th cm 



Area = bh 

A m (18 cm)(20 cm) 
A = 360 sq cm 



Try another example; 




Area = bh 

A = (24 cm) (15 cm) 
A = 360 sq cm 



TRAPEZOIDS 

A trapezoid is a four-sided f 



parallel. Here are soma z^zliil] 1 "" °" ly Me P air ° f 

f 



_i 



To find the area of a trapezoid, use the formula shown in Fig 



ure 6. 



Area of o frapczoid , A=^ki_t_k*^h 



<> r A s h. ( fc>t 4- fc> 2 ) 



lh 
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Figure 6: Area of a trapezoid. 
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The factor is the average length of the two parallel sides b, 

and 2^. The height his the perpendicular distance between the two 
parallel sides 2>, and 2> 2 . For example, find the area of a trapezoid- 



shaped piece of metal as shown below. 





Th t pqralUJ sides, b, and b iV) hove 
Ifcngfhs of 7" and iZ"j +H* h^hf h 

A 91 5*7 Sq m 



EXAMPLE PROBLEMS; Work through the example prob lems below and find the l 
-area and perimeter of each of the following trapezoids. | 



r 




I 



20m 



W) 




19 va 



19m 




A* 204 s<j tn 



(b) A = (4-rr>£l9m^j 20m = ^5mj 20m 



A=(li.Srn)zOm 



P = 4m + 20m + )$ m + z$ m 
P = G6 m 



(C) A- 



^>yd453 Y d) ,8 H "* ( ^49 yd^ 18yd 



A* (24.5yd) i6yd 
A * 4-4 1 yd 



P« I4.yd+ ISyd -V 55yd + 21yd 



• 
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TRIANGLES 





Just as there 'are several varieties of four-sided figures-squares 
rectangles, parallelograms, and trapezoids-the-e are „L s< * uares > 
of tangles With triangles, one formula ^ V".^ fiT™' 

tha't wm ne6d C ° kn ° W h ° W C ° identif y the -ny kinJs of triage 
that will appear in your shop work. triangles 

An eq.il.ter.1 triangle is „„, in uhich ,„ three u 




"Triangle- 



ERIC 



An isosceles triangle is one in which two of the three sides are equal 
always e^aT *** ^ «" th. e q ual "'deT^ 



~ Iwe fejjual sides 



fwo fcquq) on^ki 
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Isosceles 
Triangle 



270 
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A right triangle contains a 90-degree angle. Two of the sides are per- 
pendicular to each other. The longest side of a right triangle is al- 
ways the side opposite to the right angle. This side is called the 
hypotenuse. 




7 m 



Identify the triangles shown below as equalateral, isosceles, 
lene. Also name the ones that are right triangles. 




(a) (B) ( C ) 



< d > (e) .j I*) 

Check your answers with the list on the next/-pfigj=. 
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(a) scalene - all sides are unequal 

(b) equilateral - all sides are equal 

(c) isosceles - two sides are equal 

(d) isosceles - two sides are equal 

(e) equilateral - two angles equal 60° so the third angle must 

equal 60 since 3X60°= 180°. Therefore, all 
angles are equal. 

(f) scalene - all sides are unequal 

U) uM^ 1S ° 3 "^u trian 8 le since one of the angles is labeled L 
which means right angle. eo 

+ « ) so the third angle must equal 90 0 since all three 
angles must add up to 180". 

PYTHAGOREAN THEOREM 



calculate"^ lg ■ rule ° r for ™ la that allows you to 

the lewths of Z g \ ^ ^ ° f 3 right trian * le whe » ™i know 
cue lengths of the other two sides. This formula is named after Pvth* 

goras^an ancient Greek mathematician. Look at Figure 7 * 



Figure ?: Pythagorean 
Theorem: For any right 
triangle^ the square of the 
hypotenuse is equal to the 
sum of the squares of the 
other tix> sides. 




j 



You can use this formula to solve many different types of <;hnn „ k 

ejns. For example in the sketch below, f ir ,d th/'unkno^ lenVh ol 
a triangular piece of sheet metal. length ot 




12' 



r.nd C- S,nc4 c .*+h^ YP .f tnu Wr(U 

-L ^« 22S *q ft 

C = N/225 ff 



ERiC 
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This rule may be used to find any of the three sides of a right tri- 
angle if the other two sides are given. The basic formula c* = q«- + fc* 
can be rewritten as: 



c z - a 



Re^ber: ThU is onl^true for a right triangle „. a triangle ^ . 



Solve the following problem: 




A carpenter wants to use a 
12-foot ladder to reach the 
top of a 10-foot wall. Hov 
far roust the foot of the ladder 
be froro the base of the wall? 

See below: 




Use fhe lormulo a = \/ C x -b x ^ 4h*n 

X « \ /( <q * +) -poo 5q 44) 
X « -ff (r©un<te<i) 



EXAMPLE PROBLEMS : Work through the following problems using the Pytha-" 
gorean Theorem. 



1. What is the distance between the center of two pulleys if one is 
placed 9" to the left anc* 6" above the other? 




C = \/ U7^in 
Cs lO.eZin (rourkjed) 



fin 



2^ ' 



er|c 
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2. What is the length of the horizontal dimension on the blueprint 
of a piece of sheet metal with three holes drilled as shown? 




b «. \ /c r -Q* 



mm 



* (rouncjtd) 



3 * Ihown below? dimenS1 ° n * in the sketch of « taper punch 





t 

a 


0.15" 


b 











T 
1 



"FirS'f , "fi nsj dimension a 

a « Vc*-bF 

a g \ / fe.2Sin x - 4-in*"' 

-« uS.n f 4-htn find b 
b * a-o.is" 

b » |. 5 m — O. tS\n 
>C - 2b 

X * 2(1.35)= 2.yo. n 





V 



SO^IE SPECIAL TRIANGLES 
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(0 5--4--S' 



(2-) 30-^0 # -9o* 
friable 




If you 
legs 3 

units long, it 
be a right triangle. 



draw a triangle with 
units, 4 units and 5 
will always 



In a triangle with angles 30°, 
60° , and 90° , the shortest 
side will always be exactly 
one-half the longest side. 
Side ibis about 1.732a. 



(5) -45--4SV90* 




If the two legs of a right 
triangle axe equal, the angles 
will be 45°, 45° , and 90° . 
The hypotenuse c will be 
V2 times the length of the 
other side. This kind of a 
triangle is called a right- 
isysceles triangle. 

hypotenuse c = a J 'Z 

c = 1.4a( rounded) 



AREA OF A TRIANGLE 

The area of any triangle, no matter what its size or shape, can be 
found by using the same simple formula. Look at Figure 8. 



Area e-f o fnangle 

Areo, As J_fc>h or 
Z ' 

2 




erJc 



Figure 8: Area of a triangle. 27 0 
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Fcr example in the triangle below, the base is 13 "and the height is 
8 . Applying the formula. 6 



Area 


*JLbh 




2 


A 






£ 


A 






2 


A 


* .5*2 in 




Of course the base does not 
need to be the bottom of 
the triangle. Use any side 
of the tri-angle as the base 
but be certain the height 
you use is perpendicular 
to that base. For example 
in'the triangle at the *) 
right; ( 




2a cm 



b= ZStm 

A =200cm i 



ERIC 



llJZT f ngleS k Ch ! ^ight may not be given directly and some addi- 
tional math must be done to find the area. For example, find the area 
ox the isosceles triangle shown below: ea 



U$mg Jy4fi 0 gorion Theorem 

h * v/ 81 -9 
h * ^72 

Mow -find fhfe Ar€-a 

A ~Lbh 
Z 

A - XfeX8.s) « 25.5 

2 





o-f an isosctks InangU 
equal porfs 



27( 
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In general, to find the area of an isosceles triangle, use the following 
formula. Look at Figure 9. ^ 



V*4 ©-P <j n X«**e«|es -Tncn^lfc 

4 




Figure 9: Area of an Isosceles Triangle. 




t\ « 3>/ioo-S 
A = 28. s<j 



«» bW/d" " *"" U ""' '""If. f°™l* shown ,„ Figure 10 



Area of dn Hcjuil affcral 




"Triangle 




A= TTa* 








A~ 0.435 q* (roundfej) 




a 



Figure 10: Area cf clk ecuilczeral tri 



ancle. 



* * 



ERLC 
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EXAMPLE PROBLEMS: Find the areas of the different triangles shown below 
Use the triangle area formulas you have just learned. 



1 




10* 



0) 

I. A=,--K 
z 

z 



HERO'S FORMULA 




2. A = J_Ui 

2., 

A=8jo 
2 





425(6,)' 
(rounded) 



A « £5.86 ts^fl (rounded) 



It is possible to find the area cf any trian-% f i0m che lengths of its 
sides. The formula that tells ycu how was developed nearly 2000 years ago 
by Hero, a Greek mathematician. It looks like a difficult formula and you 
may feel like a hero when you learn how to use it. Look at Figure 
11. 6 




For Example 




S is calUd +he Kal-p-pfcrime-fer 



2- Z 



A= V5(S-7X9-& X9-5) 
A -V -9(2X3X4) 

A = 14.7 m (nwndeci) 



ERIC 



Figure 11: Hero's Formula 
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REGULAR POLYGONS 



A polygon is a plane geometric figure with three or more sides. A regular 

£ouT?° n Th! ° ne -f n WM ? h aU S , ideS are Che same len 8th and all angles are 
equal. The equilateral triangle and the square are both regular polygons 




oil sides. 




90' 


90 








oil on^l&s 


S 




$0* 







A five-sided regular polygon is called a pentagon. 




■fiwfc e^aol 5^*6 



The regular hexagon is a six-sided polygon ir. which each interior angle 
is 120° and all sides are the same length. 

If you draw the three diagonals, six equilateral 
triangles are formed. Since the formula for the 
area of an equilateral triangle is 0. 433c?" the 
area of a hexagon will be six times 0.433<£ or 




Area, A = 2.598c (rounded) 
For example, if a. =6 cm, A 



= 2.598(6) 
A = 2.598(36) 
A = 93.5 sq cm( rounded) 



9 

ERIC 



d =: d\*\-QnGt across corne rs 
d - 2a, or a- o.Sci 
«£* distance ocrois -fU^s 
-f* 1.732a (appro*,), c?r a = 0.^77 -f (appro*) 

270 
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Fcr example, a hex nut has a s.oe length of ^ inch. From :he following 
us: of wrenches pick the smallest size urench that will fit the nut: 

(A 1" 



Look at the sketch below: 




f = 1.732c 

f = 1.732(.25) 

f = C.03" 

Converting the given fractions to 
decimals you get: 

(o)l\o.2S/, (l) 5\ 0.575^ (C)!", 0.^75-' 

(a) »". 0.5-", (e) X\ 
2 a 

Therefore the 7^ wrench is the 
smallest size that will fit. 




9 
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IRREGULAR POLYGONS 

Many times the shapes of polygons chat appear in practical work are not 
the simple geometric figures that you have seen so far. The easiest way 

m«r, WO f rk -^ th f 1 " 68 " 1 ^ ^° ly80n . ShapeS is to divide them int ° simpler, 
more familiar figures. Look at the L-shaped figure shown below: 



IO 



11 



22" 




on 



10 




zz 



6" 



10" 



MefWocJ IT* SuM-rac+ion 

I I 
I 
t 



IS" 




6 + 13. * \S" 



METHOD I 



METHOD II 



By drawing the dotted line, the 
figure is divided into two 
rectangles, I and II. 



Total area 
A 
A 
A 



Aiea I + Area H 
(22)(6) * (13)(12) 
132 - 156 
288 sq in 



In this method, subtract the area of 
the small rectangle I from the area of 
the large rectangle II. 
Total Area = Area II - Area I 

A = (22)(19) - (10)03) 
A a 418 - 130 = 288 sq in 




Fine the area of the shape shown below: 
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You may want to try to divide the figure into two triangles as shown by 
the dotted Une, but that would be impossible because of the given dimen- 



sions. 



The only method you can use is to subtract triangle 1 from triangle II, 




"Wangle! i* A ABC 
"TnangU ICj* A A-bC 

z z 

Ar*a or shape . Ar*a AIT- Ac<a AX 



ERIC 





I EXAMPLE PROBLEM; Find the area .of the shape bel 
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. You right have been tempted to cut the figure into 5 shapes as shown on 
the rig^t. This would work, but there is a much easier way. Look at the 
SKetch below. Did you think of finding the area this way? You only need 
to compute three areas and then subtract 11 and 111 from the area of I. 

"THfc ©u4-&i<jfc rfccrflngW *s Ar*a X 
^i^urfc X : bai£ s64 17+8 * 51 
h«ri^Wf« 8-f8-ri5«-5l 

hti^hf « is 

A= kb*(.oX«!r) 
»\« 150 6q m 
Fjgurfc HT: (Tropeioid) 

baid=6 6 17 and io 

Ac tt>,+VOk 

2. 

A = (|7-ric)8_ 

2. 

You can easily see that when working with complex figures, neatness will 
help ycu to eliminate mistakes. Now you can try some more example problems. 




TAa I Ar*a - Arfc a I - Arfca.X- Area HT 
Art a. « £6! - 150- 1 08 
\ s .94*1 - (j^o-ioS) 

A= 7oS <*j in 



9 
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EXAMPLE PROBLEMS : Work through :he f ollowH^T ^ and fin(j 
____ of each shape shown. 



\1' 



4d 



7-4 w 




/ 



3T 




Mole* *,ual Imptr.o.di (l 0 „d ;nf) 0n ^ ^ 
r4C+an<jlfc (it). 

^Wopt Area «= Z • Arero X + Art* IE 

ZOO. 5 akj m 

Arfco t>£ shape Ar*o o-^l) 

U*t 4k fe orfc0 4r e^uAaUrc] 

A=5|.2^f| (founded) 



Makfe 4 w© r*c| an git* and ewlr^z^ 
Shape ArAa = Arfr«i + Ar&aX 



ajt/ 






i4 




It' 


I ; 














1 
1 





a: 



7s'. 



4 



NOW YOU CAN DO SOME SHOP PROBLEMS. 



ERIC 



Ar fcq r-^.-Wo^ A*c m* 242*4 

A-0O(S2)=832 *<j& 
~TWn Area. Area X+ArtalLf Area jE 

A=ift>f-24Z+852: 
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In the piece of steel shown in the sketch below, your boss has asked 
you to drill four 4-inch diameter holes, spaced at equal intervals 
around a 12-inch diameter inner circle. You must find the dimension 
S. HINT: Use the Pythagorean Theorem. 

Distance S 




You have circular bar stock with diameters of 2", l|", 1^", an d 

1". If you must mill a square rod with dimensions l n by 1", which 
diameter circular rod do you choose 7 Look at the sketch below. 

Diameter of bar stock 



2 



C " 
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3 * l7lJ aV v fini5he l m / ch u ir.ing a pattern g a£ c as shown in the sketch 

to cLJ° U f ^ th t ,t area ° f Che « a *« in or ^r to know how nrnch 

to charge for material. What is the ,rea? 

v4rea 




^. You have milled a triangular gage 
as shown below. You need to know 
the area to the nearest thousandth 
of a square millimeter. (Remember, 
if you need to know the answer to 
the nearest thousandth— three 
decimal places — you need to do all 
your figuring to four decimal 
places or more and then round t 
three decimal places.) 

HINT: Use Hero's formula shown on 
page 23, Figure 11 of this 
Project Sheet. 




Area 



a 6 f .rlnd ^ T Sk6CCh ° f 2 8386 P 3CCern ^ cut 

knl 8 rh • ? ^° leranct> - To ™ ke ^is gage pattern, you need to 

Know he nissxng dimensions and the area to the closest thousandth o 

dL^onsT'/Zand 6 A*'"" ^ ^ ^ «" "« A Che ^sin, 




A 



x = 



s 
h 



er|c 



3-270 



2SG 



34 of 35 



Your supervisor wants you to machine a 
pentagon-shaped gage as a part of a 
fixture. You need to find the missing 
dimension s, the perimeter, and the 
area. Look at the sketch on the right. 



Peri met er 
Area 




er|c 



7 irEfr^TXJz: T,^;\vr,^ 



p^fc Z(> of flus 




Diameter of bar stock 



charge for , he F , tl .r„ vou have ma de" d ° eS he 



Tosr 




f 




1.5" 




i 




5" 


*-i 
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9. Your boss has given you the job of tr-chining a caper punch. You mus' 
find the missing dimensi n L on the skecch shown below before you 
can do the job. 




10. 



Look at che skecch below. You must find che radius R of che circular 
wheel wich center at 0. You have placed two round pins with cencers 
ac A and B and radii of 0.5 inches. With a micrometer, you chen very 
accurately mc-asure che distance a and find it to be 8 inches. With 
the above gi °n dimensions, what is the radius R? 




SHOW YOUR WORK TO YOUR INSTRUCTOR. 
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MACHINIST HELPER 
Item 212 



• 


mJ 






1. Recta mcle. 


1 


n 





FORMULAS FOR PLANE GEOMETRIC FIGURES 
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3. L^fLALLELO^-.K] 



A- 



s 



2a+ Z'o 



4- T^-l AM6»LE- 



6. I5CSCELES 
7- TRAfEsoit) a 




\ 



a/ N^a 



b, 



I 

! h 
I 




A = kh 

2. 



V b /a 2 -/b\- 



2 



°r Ji (t, + b z N 



P- CL + 'b + C 



P« 3a 



A-- h /b. + bjA P*a+b.4-l a +c 

* 2 / 



9 
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S. Circle. / 



( A! 




10. 



c 




4q - 




11. Circular L 




2 of 2 



C = TTd 

c = 2-rrr 



A-Tr(fc x -r*) 

A =0.7854(^-0^) C = Zir^ 



V 0.00875 r-^a L= o.on4-5» r-a 



i L. 




L --O.Oi^fra 
N = C > -i-4h '- 
6h 



1 . Ci ' 



lOdi rJ O/ j ft 



I 

a- 1 

■ I ' 



'■^ac roj :jl.a 




— . ; 1 ' 



1* 



1 1 



9 

ERIC 



3-274 



7/81 



1 of 37 




SKILLS 
CENTER 



/ 



TRAINING 
CONDITIONS: 



TRAINING 
PLAN: 



TRAINING 
GOAL: 



PROJECT SHEET 



Name 



Date 



Cluster Metal Trades Occupation Machinist 'Helper 

Training Module_£ hop Math *n r M achinists 



Training Milestone 3. Specialized Math skills 



PROJECT 5 



SHOP GEOMETRY: PART 2 

i 

Here's what you will need: 

1. This Project Sheet. 

2. A pen or pencil to answer the Shop Prob- 
lems in this Project Sheet. 



Here ' s what you do: 

In this Project Sheet, you will learn more 
about Geometry. You will learn about circles 
ana many rules that relate to circles. You will 
iearn about soUd figures including prisms, pyra- 
mids, frustrums, cones, cylinders and spheres. 
You will l Garn C o find the areas of circles. 
You will also learn to find the surface area 
and the volume of solid figures. The information 
in this Project Sheet will help you solve many 
snop problems using Geometry. 

1. Read and study pages 2 to 33 of this 
Project Sheet. 

2. Work the Shop Problems on pages 34 to 37. 

3. Have your Instructor check your work 
and record your score on your Student 
Training Record. 

A. Ask your Instructor for your next Project 
Sheet. 



Here's how well you must do: 



1. You must score 8 out of 10 correct on 
the Shop Problems. 



ERIC 
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SHOP GEOMETRY: PART 2 

CIRCLES 

A circle is probably the most familiar and the simplest plane figure. A circle 
is the geometric shape that is most often used in shop work. The definition 
of a circle is: A closed curve with every point on the curve an equal distance 
from a point interior to the closed curve. You don't have to remember that 
definition. You do have to remember the sketch and the definition shown below. 



• 



d s diameter , 



r = radius ^ Radius is the distance 

from the center point 0 
of the circle to any point 
on the circle. 

~ Diameter is the straight 
1 ine distance across the 
circle through the center 
point 0. 

^ Circumference is the dis- 
tance around the circle. 
The circumference of a cir- 
cle is similar to the peri- 
meter of a polygon. 

For all circles the ratio of the cirumference to the diameter is always the 
same number. That means that the relationship between the distance around a 
circle and the distance across the circle will always be the same number. 




o = circumference 




circumference 
diameter 



= 3.14159, 



The value of this ratio has been given the 
label ir } the Greek letter £i. The value of pi is 
approximately 3.14, but the number has no simple 
decimal form. The digits continue without ending 
or repeating. For most practical work use TT = 
3.1416. 

Remember: Pi has no dimensions or units. Pi 
is a ratio. 

The relationships between radius, diamter, and circumference are shown in 
Figure 1 below: 








Circle -j-ormulas 








diaroef^r of a Circle , d = Zr 








or r = d 
z 

Circumference of o circle g 


TToL 






or C * 
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Figure 1: Circle Formulas 
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EXAMPLE PROBLEMS 



1. Your boss wants you Co know the radius and circumference of a hole you 



have drilled with a J drill 



3" r» 
A £ drill has a diameter of ~ or 0.75". 



The radius r 



0.75 



2 2 
r = 0.375" 



radius 



The circumference c = TT d = 3.1416 (0.75) 

c = 2.3562" circumference 

2 " ofY^fpT 1 -V ieCe °t She6t n>etal inC ° 3 Circular cub * having a diameter 
of 3.25 feet. What xs the required length of sheet metal? 

The length of the sheet metal will equal the circumference, 

so c = d 

c = (3.1416) (3.25) 
e = 10.2102 ft. 

3. You must space 8 bolts equally around a circular steel plate at a radius 

cur \ T I"' ^ mUSt ^ the Spacin S beCwee " che bo!? ho e a on 
curve? Look at the sketch below. 8 




circum-ference c ~ird , 6-* Zr 

C-tt(z-s) =tt(i8) 

nee. 

8 ' 

e 8 



© ^ o 




o 
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FINDING PARTS OF CIRCLES 

As a sheet metal worker or machinist, you will be required to find rhp l 
(smaller) and the material on f u e 1 ^ the Curve 15 compressed 

«.«....«. the "^^^r^'rri,^.' - 

The inside radius is 2". The stock 
is 1" thick. Therefore, the midline 
_ or neutral axis has a radius of 2.5". 





IS 

2.5 r 



The curved section of the bar is 
one-quarter of a circle so the curved 
section is one-fourth of C. 



! 



c -ird = Zyvr 
H I" K _!(c) = _L(2TrrV ttt 

4 2 5 



Then the total length will be the sum of the two straight segments and the 
curved segment. 

Length L = 3" + 2" + 3.93" 
L = 8.93" 
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EXAMPLE PROBLEMS 



Find the length of the ornamental piece of iron grill noeoec u bend t*ie 
shape shown in the sketch below. 




Q. +ht upper curbed sec-fion: 
radms o-f \Ya murral atis is • 
h = ^ + 0.2-S - 4.ZS" 
half o-P -J-ht arcum-Tferencfc is • 

ici (27ir)« irr* 3.ki4.(4.zs) 

iC= I3.5S" (rounded) 

b. 4hfe UvVfcr CurVed Jfecrion : 
radms of +he n^u-frol dx»s is ; 
r- = 3.S +o.2S = 5.7-5 " 

4Krfcfc - -£our+hi o-f 4ne CTcum^trfenct •, 
2. C » 3. (2TTr) = 4 (3.14-1 3.75") 

£c ^ 17.4.7" (rounded) 
4- ' 



c. -ToVqI Ifcng-fh - ium of 6lraigrif piecfe 
plu6 curv<bd 5&c4-, 0 n5 a and b abostz. 
L= b"-f- I3.5S"+ 17.^7" 
U 37. oz" 



6 of 37 

2. Find the length of round stock needed to form the U-shaped form shown in 
the sketch below. 




L* l<I>4. \(e> e 52." 



ion : 



b. -4hfc (oW6r curved 5ec4i< 
rodiu* o-P 4ru. nfcu-fral oxi* is j 

^ 1^- = + . 7 <r , io.o" 

£'rcum-terfcnce = ZTrr, hal-p ©f -fHfc 
Onc4jfYi-ffrr<rnc6 s -rrr = Z.\4\(* (|o) 

c. Total len^+l) equal Sum Jr a and b 



*? 



J_ = 52+ SI.4I4 * &3.^|b M 



FINDING THE AREA OF A CIRCLE 

To find the area of a circle, use the formulas shown in Figure 2. 



Arfro o-f a circle 






A="rrr z / 






or A «= jrd*- ~ onQ < \ 




S) 















Figure 2: Area o* a circle. 

2Dr, 
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EXAMPLE PROBLEMS 



1. How much sheet metal is needed to make a circular metal table top with a 
diameter of 24 inches? Look at the sketch below: 



4 

A = 0.78S4(Z4- Z ) 

in 

2. What is the area of the largest circle that can be cut from a square 
piece of sheet metal 4 feet 6 inches on a side? Round your answer to the 
nearest hundredth. Look at the sketch below: 





A- Trd* % 0.78S-H 8 - 
4 

\ = 0.7854 (4.S *) , nof e : 4-V= 4.5' 

A» 0.7854(^0.25) 

A = I5-.S0 ^ U (rounded) 



A circular ring is defined as the area between two concentric circles. Two 
circles are concentric when they have the same center point but different 
radii. A washer is a ring. So is the cross-section of a pipe or a cylinder. 

To find the area of a circular ring, subtract the area of the inner circle 
from the area of the outer circle. Use the formula shown in Figure 3. ' 



ERIC 



Arfecj o-f a ring 








Ar&q = Anw o£ Ouf*r c\rc\& 








minus ort>Q of- inner order 
or A= ^-Trd 1 =TT(j^VdO 




y i 


:> 


4 4 ^ 
A ~ 0.7S4S (b*-d*-) 






[ 









Figure 3: Area of a ring. 
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For example, to find the cross-sectional area of the wall of a steel pipe 
whose inside diameter (i.d.) is 8 inches and whose outside diamter (o.d.) is 
8.5 inches, substitute D = 8.5" and d = 8 M into the second formula. Look at 
the sketch below: 

A « -(3.1416) (8. 5* - 8*) 
A « (0.7854) (72.25 - 64) 
A = (0.7854) (8.25) 
A = 6.48 sq in (rounded) 




TT 

Notice that T" rounded to four decimal places 
is 0.7854. 




Also notice that the diameters are squared 
first and then the results subtracted. 



EXAMPLE PROBLEMS 



2. 



1. What is the cross-sectional area of a steel collar 0.6 cm thick with an 
inside diameter of 9.4 cm? Look at the' sketch below: 




O.G> cm 



i.d. = 9.4 

o.d. = 9.4 + 0.6 -t 0.6 = 10.6 
A = 0.7854(10.6* - 9.4*) 
A = 0.7854(112.36 - 88.36) 
A = 18.85 cm (rounded) 



For 



cross section of a pipe with an i.d. of 8 inches, how much more 



material is needed to make the pipe 0.5 inches thick than tc make it 
0.375 inches thick? 



0.5" thick 

A = 0.7854(9* - 8 1 ) 

A = 0.7854(81 - 64) 

A = 0.7854(17) 

A = 13.35 sq in (rounded) 



b. 0.375" thick 

A = 0.7854(8.75* - 8*) 
A = 0.785^(76.5625 - 64) 
A = 0.7854(12.5625) 
A =■ 9.87 sq in (rounded) 



Cross-sectional area of a pipe 0.5" thick = 13.35 sq in. 

Cross-sectional area of a pipe 0.375" thick = 9.87 sq in. 

Material difference = 13.35 sq in - 9.87 sq in 

= 3.48 sq in. 
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OTHER TERMS AND RULES RELATING TO CIRCLES 



So far. 



you have learned about rad^ i di, mP r, rc c 
of circles. In shop work there \ 4 «'-h a f ' . C1 rCumf eren « s > and areas 
need to know. Look at Figure 4. definition, and formulas you will 




U 2a n Stralfe ^ j ° inin * the Points C 

and D is called a chord of a circle. 

2. The distance on the circle between C 
and D is an arc of^ the circle and is 
sometimes written as CD. 



The shaded area between the 
chord is called a 



arc and the 



segment, 



4. 



5. 



The 
the 



area of the segment plus che 
triangle OCD is called the 



area of 
sector COD. 



Figure 4. 



Terms relating 
to a circle. 



A line outside a circle which touches 
the circle at only one place is called a 
tangent line. In the sketch at the left 
line .AB is tangent to thfe circle at 
point T. Point T is called a point of 
tangency. 



Look at Figure 5 to see further terms relating to a circle. 




Figure 5: More terms 
relating to circles. 



1. A central angle is ar\ angle whose vertex 
is at the center of the circle and whose 

S , ar< Lc 3dii ° f the Clrcle - In Fi 8ure 

5, angle DOE is a central angle. 

2- An angle drawn inside a circle with its 
vertex on the circumference is called an 
inscribed angle. In Figure 5, angle ABC 
is an inscribed angle. 

3- Both central ang-les and inscribed angles 
are said to intercept the arcs between 
their sides. For example^ central angle 
DOE intercepts the arc ft and inscribed 
angle ABC intercepts the arc AC. 
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RULE 1: A line drawn tangent to a given circle is perpendicular to the 
radius drawn to the point of tangency; conversely, a line perpendi- 
cular to a radius at its extremity (where it touches the circle), 
is tangent to the circle*. Look at Figure 6* 




Line AB is tangent to circle 0, then 
1 ine AB is perpendicular to the radius r 
at the point of tangency C. 

Conversely: Line ED is drawn perpendi- 
cular to radius r at its extremity (point 
F), then line ED is tangent to circle 0 
at point F. 

Additionally , any line oerpendicular to 
the tangent at the poin: of tangeny must 
pass through the center of the circle. 
( For example , line JF is perpendicular 
to the tangent line at the point of 
tangency F; therefore, JF goes through 
the center 0. Also, line HC passes through 
the center 0. ) 



Figure 6: Rule 1* 




RULE 2: If two lines are drawn tangent to a circle i : rom an outside point, 
these lines are equal to each ether. Also, the angles made by these 
two tangent lines and a line from the outside point through the 
center of the circle are equal. Look at Figure 7. 




Line AB and line AC are tangent to the 
~* circle at 0, then line AD = line AE. 



Also, line OA bisects angle DAE, or angle 
a = angle Z>. 



Remember: The word bisect means divide 
into two equal parts. 



Figure 7: Rule 2. 



30 « v 
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RULE 3: If an angle is inscribed in a circle, the angle is equal to one-half 
the number of degrees of its intercepted arc. 'Also, an inscribed 
, angle is always equal to one-half of the central angle if both angles 
intercept the same arc. Look at Figure '8. 

'Angle , ABC is an inscribed angle. (It has its 

* vertex on the circumference of circle 0.) Then 

angle ABC equals one-half the number of degrees 
of arc AC. 




Also, angle • AOC is a central angle, 
its vertex at .the center of the circle 



(It has 
0.) Then 



angle 



ABC-equals one-half of angle AOC, or =^~. 



Figure 8: Rule 3. 

RULE 4: An inscribed angle based on the diameter of a given circle is a right 
angle since the intercepted arc is 180 degrees. (That is, the in- 
- scribed angle equals one-half of the intercepted arc, or the " insc- 
ribed angle equals <u*e-half of 180 degrees, or 90 degrees.) Look 
at Figure 9 . , 




Line AB is the diameter of a circle with 
its center at 0. Angles ADB, ACB and 
AEB are- all inscribed angles based on 
the diameter AB. Therefore, angles ADB, 
ACB and AEB are all equal to 90 degrees. 



Figure 9: Rule 4. 

RULE 5: If a perpendicular is drawn from the center of a circle through any 
chord in the circle, the chord is bisected and so is the intercepted 
arc, Look at Figure 10. 




Figure 10: Rule 5. 




Chord AB intercepts arc AB, line 
0D is perpendicular to chord AB, 
then chord AB is bisected. (Line 
segment AE eguals line segment EB.) 
Also, arc_ AB is bisected by line 
0D (arc AD equals arc DB). 



301 
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RULE 6: When two line cut through a circle and intersect the outside of 
the circle.- the included angle between these two lines is measured 
by one-half the difference of the intercepted arcs. Look at Figure 




Lines AB and AC cut ' through the 
circle with the center at 0 and 
intersect outside the circle 
point A. 



at 



Angle BAC intercepts arcs DE and 
BC. Then angle BAC equals one-half 
the difference of the intercepted 

arcs BC and DE, or angle a - Bc ~ D£ 

2 



Figure 11: Rule 6. 



SOLID FIGURES 



Plane figures have only two dimensions: length and width or base and height 
A plane figure can he drawn exactly on a flat plane surface. Solid figures 
have three dimensions: length, width, and l.aight. Making an exact model of 
a solid figure requires shaping it from clay, wood, plastic, paper, or oth«r 
materials. A square is a two-dimensional or plane figure. A cube is a three- 
dimensional 'or* solid figure. 

Metal workers encounter solid figures in the form of tanks, pipes, ducts 
gears, snafes, etc. As a metal worker, you must identify a solid shape and 
its component parts. You must learn to compute surface area and volume 
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PRISMS 

A prism is a solid figure having at least one pair of parallel surfaces chat 
create a uniform cross-section. The sketch below shows a hexagonal prism. 




parallel 
Surfaces 



Cutting the prism anywhere 
parallel to the hexagonal sur- 
faces produces the same hexa- 
gonal cross section* 



All of the polygons that 
form the prism are called 
faces. The faces that 
create the uniform cross 
section are called the 
bases* The shape of the 
bases give the prism its 
name. The other faces 
are called lateral faces. 

The sides of the polygon - 
are the edges of the 
prism, and the corners 
are called vertices. 
The perpendicular distance 
between the bases is 
called the altitude. 




surface* 



base 



it^fLV 1 ™' ^ 1 V eral 6dgeS arC P«Pendicular to the bases and the 
lateral faces are rectangles. Look at the sketch below. In this Project Sheer 
you will learn about right prisms. *T 0j ecc Sheet 
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In the sketch below, count the number of faces, vertices, 'and edges. 



9 

ERIC 




Kl umber of foceS = 
hlumbfcr of €<i<j€$ a 
Nlumbfrr of Vertices . 



Answers: 

•aisiad aAoqe aqq uo 

RECTANGULAR PRISM 

The most common solid in practical work is the rectangular prism. All oppo- 
site faces are parallel, S o any pair can be chosen as the bases. Every face 
is a rectangle* The angles at all vertices is 90 degrees because the edges 
are all perpendicular • 



base 




oiMude 
(height) 




CUBE 

A cube is a rectangular prism in which all 
edges are the same length. Each face is a 
square. 



301 
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TRIANGULAR PRISM 
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In a triangular prism the bases are triangular, 



_ base 




base 




bttgbj- 



TRAPEZOIDAL PRISM 

In a trapezoidal prism the bases are identical trapezoids, 




bat* 



• 



9 

ERIC 



■base 



You can tell that the trapezoids and not the other faces are the bases be- 
cause cutting the prism anywhere parallel to the ^trapezoid faces produces 
another trapezoidal prism. 

Three important quantities may be calculated for any prism: the lateral sur- 
face area, the total surface area, and the volume. The formulas in Figure 
12 apply to all prisms. 



h c h*igb^ 
p * pertrn«frHr o-f b 

p = 6Um of 4b* €rd(J65 of 

4b* base 




LoKrol Surface Arto : 
L= P h 

Tofal Surf act ArfcO.: 
S *L + 2A 
or S=pV»fZA 
Volume: V = AK 
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Ftgure 12: Formulas for right prisms. 
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From Figure 12 on page 15: 

K Jases Uteral SUrfaCe L U ° f 311 Surfaces e **Pt ^e 




surW onto. 



2. The total surface area S is cb« area of all surfaces plus the area 
or che two bases. 




Surface area, 



3 * I h n e sidrcr pr U m . CaPaCity ° f 3 PriSm 15 th « ~ of space 



EXAMPLE PROBLEM : Look at the sketch below and find the lateraTTTrf ace area 
L, the total surface area S, and the volume V. 




10" 



\ERJC 



b. 



a. The perimeter of the base is: 
P = 6" + 8" * 10" = 24" 
Then the lateral surface area is: 
L = ph - ( 24") ( 15") 
L = 360 sq in 
In this prism the bases are right 'ri- 
angles, so the area of each base is: 

* . |» . mm . 24 sq ,„ 

Then the total surface area is: 

S - L ♦ 2A =r 360 sq in + 2(24 sq in) 
S = 360 sq in + 48 sq in 
S ■ 408 sq in 
The volume V of the pi ism is: 

V = hA = 15 in(24 sq in) 

V = 360 
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In practical problems it is often necessary to convert volume units fro m 

«^ - c^rSS?fi?i.r saiions - ° cher — - :::: 



1 cu ft = 1728 cu in 
= 7.48 gal 
= 28.3 liters 
= 0.0283 cu m 
= 0.806 bushels 




1 cu yd = 27 cu ft 



1 cu in = 16.38 cu cm 



EXAMPLE PROBLEM 




Calculate the volume of water, in gallons, needed to fill 
the swxnrnung pool shown in the sketch below. Round your 
answer to the nearest hundred gallons. . 



.25 yds 




F.r&f ; Fmtl 41* Qrer<l ^ a L^ 4fc 
4W gwfcs a conefanf cr©*s 

-Hie tf.de of p«>i ; wK«ci, 

V- 43oo cu 44- ; -rh*„ 4o f,„tf +U number *f gallon*, 
i r . , , W6fr £elt>r fern Ufa- dbovl- 

Th*n n* vc\ume ,« gallons i« : N/.7.46 go] # kSoo^H^ TcTfe 

^(7.46 3 olX^oo)=47^4 3 al,or- 
\/c 47/00 jai Crownd 1 ^) 

307 3-291 
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EXAMPLE PROBLEM: 



In many practical problems the prisms you work with have 
irregular polygons for their* bases. Find the volume of 
the slotted bar as shown in the sketch below. If steel 
weighs 0.283 lb per cu in, what would be the weight of 
this bar? 



First calculate the 
volume of the prism. 
To do this, divide 
the base area into 
more f amil iar shapes . 




The area of the bases of the three base shapes is; 



A = 6.75 sq in 
The volume of the bar is V = A'h 

V - 6.75(18) 

V - 121.5 cu in 



ERIC 



The weight of the bar is W = ( 1 2 1 . 5 "Co-ia) (°* 283 lb ) 

W = 34.3845 lb or 34.4 lb (rounded) 




The most common source of errors 
in most calculating of this kind 
is carelessness. Organize your 
work neatly. Work slowly and 
careful ly ! 
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Now cry this problem. Remember, organize your work and work slowly and care- 

fUU v' /^.o^,! WeighC ° f 3 Pi6 - e ° f brass shown in che sk «ch below. Brass 
weighs 0.2963 lb per cu in. Round to che nearesc cench. 




Separace che bases inco 
che shapes as shown below. 



in 




Volume I, V= (Z)(l)(£)2= tf-cu.r, 

Cxj in 

Volume JGT, s/= G±g}feX2) m £4cuin 




Sum o-f Volumes 
I, It, IT, andJBL : 



yf T = 14+ 2S+B+54 



W= (lQ4^t>^ Xo.25fc^lb ) 
W« 3o.8tS2lfc>^ 3o.Slb (rounded) 



390 
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PYRAMIDS 

A pyramid is a solid object with one base and three or more lateral faces 
that taper to a single point opposite the base. TV <\ single point is called 
the apex. 

A right pyramid is one whose base is a regular polygon and whose apex is 
centered over the base. You will learn about right pyramids in this Project 
Sheet . 




The altitude of a pyramid is the perpendicular distance from the apex to 
the base. The slant height is the height of one of the lateral faces. 
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Several kinds of pyramids can be constructed: 



Squcr* Pyramid 



laf feral 

art isosceles 




Thqrujular Pyramid, or 4-efraWedron 

apx 




bast 16 an 




There are several useful formulas relating to pyramids. Look at Figure 



13. 



Ty'ram ids 



Lai-Aral Surface t\ 

z 



V- Ah 



whtr* : p = pfrrimelfer erf hose 
la^ral -foe* 
h = a/4rf-ude 




ERLC 



Figure 13: Pyramid formulas. 
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Using Che formulas from Figure 13 on page 21, find the lateral surface area 
and volume of the square pyramid shown in the sketch below: 




5 = 10.8 - , K = to", p* 8+8+8+8 * sz" 
A\ = (8*) = 44 m 

-fhen, L= ps n (32%\Q.&) 
Z 2. 

L *(l£>)(»o.8) « ITZ.Bsqm 
(area of 4kfc4 -Triangular -faces) 
ond ; V= Ah = 44(»e>) 
5 3 

V= 215.5 cu in (t-ouruiecJ) 



EXAMPLE PROBLEM: Find the lateral surface area and volume of this triang- 
ular prism. (Remember, the base is an equilateral tri- 
angle.) Look at the sketch below. 




S a 36.3 cm 



2. Z 



L-8T1.Z 



cm 



V* Ah , rfecoll -rHa-r 4he area of an 

A=0.455S*, wh*r t & i£ +W 
Suit- <yf 4Jie 4nono/&."TKen • 
\/=I.(0.4-55)(lfe a )(54) 
5 

- \330. 174 cu cm 

3 



3 1 ;> 
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CYLINDERS 

A cylinder is a solid object with two identical circular bases. The altitude 
or a cylinder is the perpendicular distance between the circular bases. Look 
at the sketch below: 



olfifueifc, h 



1 



\ 



base* 



A right cyl inder is one whose 
curved side walls are perpendi- 
cular to its circular base. 
Whenever you talk about the 
radius , diameter, or circum- 
ference cf a cylinder, you 
are talking about the dimen- 
sions of the cylinder's circu- 
lar base. 



You can find the lateral surface area and the volume of a cylinder by using 
the two formulas shown in Figure 14. * 



Cylinder 




La-r&roi Surface hrea : 

or L= ird h 

or v/=0.7854d x h appro*. 



c= circumference 

or Ike bo6e 
K - radius o{ debase 
d r diofrifcUr of +he base 
h = fll-r«fu4e ot+he 



Figure 14: Culin&ev formulas. 



3-297 

313 



I EXAMPLE PROBLEMS; Work through the problems shown below. 
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'* [fit U T a i SU i taZe , ^ 3nd V ° lume for a blinder with a radius of 
11 inches and a height of 24 inches. OI 

Lateral surface area L = ch ^ TTdh = 2lTrh 

L = 2TT(11)(24) 
L = 1658.7609 sq in 
L a 1659 sq in (rounded) 
Volume V = TTr^h 

V = T(11)(1!)(24) 

V = 9123.1851 cu in 

V = 9123 cu in (rounded) 

2 ' L'lJL?*, ^"l' 1 SUrf3Ce ar6a and the volume in 8 all °ns of the cylindrical 
storage tank shown in the sketch below. Round answers to the nearest unit! 



X 



T 

30 

I 



L = ch =TTdh 

L =TT(H)(h) = 1319 sq ft (rounded) 

V = 0.7854d l h = 0.7854(14)(14)(30) 

V = 4618 cu ft (rounded) 

Then change cubic feet to gallons: 

V = (4618 ■?»-££)( 7,68 Pi i) 

1 -w-»f»L 

V = (4618M7.48) = 34540 gal (rounded) 



14'- 



A pipe 3 inches in diamter and 40 feet high is filled to the tcp with 
water. If one cu ft of water weighs 62.4 lb, what is the weight of the 
water at the base of the pipe? 



NOTE : 



. V = 0.7854 d*h 

V = 0.7854(.25)*(40)-*_ 

V = 1.9635 cu ft 

Then change cubic feet to pounds: 
» = (1 .9635 t»ft)(j 2,4 ^ ) 

V = 122.5 lb (rounded) 



You want your answer in cu ft, so 
you must change the diameter 
dimensions to feet (3 in = .25 ft) 



'1 1 « 



9 
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4* The inside walls and bottom of the tank shown below are to be lined with 
copper sheet metal. How many square feet of copper sheet metal are required 
for the lining? 




CONES 



First find the lateral surface area: 

L = 2rrrh 

L = 2(TT)(5)(10) 

L = 314.2 sq ft 
Then find the area of the base: 

A =TTr* -TT(5)(5) 

A = 78.54 sq ft 
Then add the surface area and the base 

area : 

L + A = 314.2 - 78.5 = 392.7 sq ft 

Opt-X 



A cone is a pyramid-like solid figure with 
a circular base. The radius and diameter 
of a cone refer to the dimensions of its 
circular base. The altitude is the perpendi- 
cular distance from the apex to the base. 
The slant height is the distance from the 
apex to the base along the surface of 
a cone. 




_ _ _>Q<££ 

You can find the lateral surface area and volume of a cone by using the for- 
mulas shown in Figure 15. 



Cone. 




/ j\ Laf tral Sur-fact i\r«:a: 




/ | \ LrTTTS 




/ 1H \S Or L = TTcis whfi.ru. 


r= radius ot 


/ 1 \ 2 

1 Vo\ume : 


h= allrrucU 


( i T-H \/«JLirr*h 

V J 5 








figure IS: Cone formulas. 
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Find the lateral surface area and volume of the cone shown in the sketch 
below: 




h=JS" L*irr5 = TT(ioXl8) 
S-I8 M L = 5"65.S m (.rounded) 

V =±irr x h s ±tt(io)C\o)\S- 
.3 3 

V= ISn cu m (rounded) 



You should remember that for any cone the radius, slant height, and altitude 
are related: 




Tn<fcr«-Por-*j i^-fcnx<ire 
given ony' f *v© of +hfc 
-Ihrte quarvfifits, you 



9 

ERIC 



Another thing for you to remember is that the 
volume of a cone is exactly one-third the volume 
of the cylinder that just fits around it* 
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EXAMPLE PROBLEMS: Work through the problems shown below: 



'* LTl °i8'3» nd a nd dU X d ^. a , ho PP er Q ^ "ne-sha P ed. The diameter of the 
oase is 8 3 and the altitude is 8'6". How many cubic feet of sard i< 
m the pile? Round your answer to the nearest tenth. 



Firs! 



Since the problem asks how many cu ft, put all 
the dimensions in feet. 

d = 18'3" = 18.25' 
h = 8'6" = 8.5", then 

V ~ 0.26l8d*n 

V = C. 2618(18. 25)(18.25)(8. 5) 

V = 741.2 cu ft ( rounded) 



2. You have been a.sked to machine a punch as shovn in the sketch bolow 

is tne volume * the punch? Round vour answer to the f nearest hlZS.Sh! 





r 



A 




you rnusf $\n<& 4-U 
Velum o <Jr on* c&rv& 



Tint ^S.2fel8 

cu cm 

V z = irr x h = tCi^z 

cu cm 



V 3 = Z.35£>2 cucm , 4»fa( Velum t = \( 4- V x vC 

V T = 3.14.16 + 6,. 2832 1- 2.35^2 cucm 
V r = 11.78 cucm (rounded) 



31? 
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3. Find the lateral surface area of a cone with a diameter of 12 inches and 
a height of 10 inches. 

First you must find the slant height s. Look at the sketch below. 





in , 



FRUSTRUM 

The frustrum of a pyramid or cone is the solid figure remaining after the 
top of the pyramid or cone is cut off parallel to the base. 




Frustrum shapes appear as containers, building foundations, funnels-, transi- 
tion sections of ducts, machine parts and so on. 





29 of 37 



Every frustrum has two bases, upper and lower, that are parallel and differ- 
ent in size. The altitude is the perpendicular distance between bases. 



L lower ba* ^ jewtr bfl3e 

fiS.r«L l 7 in8 f °/ mulaS " e used t0 find the lateral area and volume of any 
frustrum (pyramid or cone). Look at Figure 16. y 




Figure 16: Frustrum formula* 
Remember that in the formulas in Figure 16: 

P, and P x are the upper and lower perimeter for a pyramid frustrum. 
d, and d t are the upper and lower diameter for a cone frustrum. 
A, and A t are the upper and lower areas for any frustrum. 
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Find the lateral surface and volume of the pyramid frustrum shown below: 




h » 4-* Upptr jxrimfeftr P, : 
f> r 9+9+9+9 * 56" 
tower perimt+er P z : 
P 2 =15+ l£*-Hi*+ ur 

A,* SS«8» 



Leffcrol Surfocfc Ar*a: 



L=24o 



3 

V*_L (4)(8l + 22.5 + v/S! • 225 ) 
3 



Look at the sketch below and find the total surface area and volume of the 
cone frustrum. 



laffcrdl Surface Arfc<* : 

L = ±ir(d,4.d t )s = 5-14- (^tio)s 
2 Z 

L« 197.92 $q in (roundtd) 

Vou muif how -find -llifc- Qr6QS o-f 4nfc 
uppfir ond |ovg6r bflS6S dn<t -rli6n <3dd 
areas +6 laWal surface Qr&i . 
Tefal AnfrQc L + At+Aj. 

A T = \57.9Z + -rrr, x +n-r* » 197.92 +TT (2.*) +*Jr(5* 2 ') 
A T =»97.9Z+ »Z.5 T + 78. 5* 
Ays:269.05 ;Sq in (pouncjtd) 




Volume V«J> (A. + Avx + VAA*. ) 
3 

V e JL (8.S)(t2.5-j + 78.54 + V OLS-tXTO-SO ) 
5 

\1«1-(8.5)(\2.2..SZ) * 547.17 cu in (rounded) 

E^C 5 3-304 3 2() 
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EXAMPLE PROBLEMS: Work through the problems shown below. 



1. Find the lateral surface area and volume of the frustrum shown in the 
sketch below: 




7.<»cm 



}-»-3cm-»j 



F lr s+ fmci P> ond P z . A, and A,. 
F5 = CO(t.5)=39cm, P iC C6X5)= l&cm 
From &«rom6+ry' Per 4 I , Area o-f c 
taxagon « <x* ; oUrt a <s q side. 

A,= 2.5S©Cfc.s)*-= IO&.77 s^cm Oound&<f) 
A a .°2.0~i>8(3)^25.58 S<? cm (rounded; ) 



TFifcn La4-onat Surface Area L » _L (f? -4-P,l) s 



Vol 



L = i.(59+!8X7.C) 
z 



V- 1 (l) ( 1 09.77+ 2 3 .38 + sl(\ o9.7 7)(z 3. 38) ) L-2l€>.£> S<j 

^=2. C I83.8f) = -4-2S.89 



Cm 



cu cm 



2. A connection must be made between two square vent openings in an air con- 
ditioning system. Find the total amount of sheet metal needed. Look at 
the sketch below. 




F.rsf -fmd P t and P t 
f?«= 4. + 6. + 6-hfc = ^4 m 

Ttan bvferaf Sur-Q&ctr Arfe-fl: 

2- z 

L =(Go)(Z8) 
z 
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3. Ho*. .iany cubic yards of concrete are needed to pour the foundation shown 
in the sketch below. (Watch your units!) Round the answer to the nearest 
hundredth . 



Firsf "find A, and 

A, = (zz.)(Z2) - 464- *j #- 
A z =(35)(35) = I2Z6^^ 



Thfcn 4he volume \/ « J_ h (A, + A,. + >/A, A t ) ; nofe h=4" or o.s' 

\/ = £5" (484+ 1^2-5 + v/4e4' 122.5" j 
5 

V= 413.17 cu-ff , I cu yd= Zycu-W-, 4t-n 
V~4>5.I7 x Icafd = 4-15.17 cu yd, 

^7 Z '7 

V- 15.3 cuyd 

SPHERES 

The sphere is the simplest of all solid geometric figures. Geometrically, 
it is defined as the surface whose points are all equidistant from a given 
point called the center. The radius is the distance from the center to any 
point on the surface. The diameter is the straight line distance across the 
sphere through the center. Look at Figure 17. 





Figure 17: formulas for finding surface area and volume of a sphere. 
ERIC 3-306 J — 
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Find the surface area and volume of a 
basketball with a diameter of 9V- 

Round your answer to the nearest 
hundredth. 



Sur[qcfc Area ; 
Volume ; 

N/« Cum (rounds) 



9 
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Summory o£ Solid 


Fi^urfe Formulas 


F« <j u re 


LaWal Sur-Pocfe Arao Volum*. 


Pntm 


L=ph 


v/« Ah 


fyfamid 


2 


J - 

3 




L = 1Tdh 


v/t irr'-h 




or L 5 2lTrh 


or v/* 0.7854d l W 


Cone 


L= Tfds 


3 




or L=irrs 


or \l - 0.2.618 d z ri 


Fru^frum o-P 
a Py'ra rn « d 


z 


V* j2.(A,-r A 2 + >/A 1 A i ) 
3 


Frus-rrum erf 
a confc- 




3 


Sphere 


4Trr z ' 

or S = TTci*" 


v/ c 4 Trr 5 
3 

or \/=4-.ie8Sr 5 
or V- ird 5 
6 

or j-bSZSGd* 


NOW 1RY SOME SHOP 


PROBLEMS. 
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SHOP PROBLEMS 

. You are asked by your boss to find the weight per gross of wrought iron 
rivets. (1 gross = 12 dozen = 144), •Wrought iron weighs 0.28 lb per cu 
in. Look at the sketch below. 

HINT: First find the volume of one rivet, then mulitply the volume of 
one rivet by 144, and finally multiply the weight per cu in by the 
- total volume. 



2" 



K 


f ~ 




* 


V 

) 


3 




^ 2 







Weight of one gross of rivets 



1- 



J 




You have machined 
the aircraft part 
shown at the right 
out of aluminum. 
The weight must be 
known to the nearest 
one-hundredth of a 
pound. If aluminum 
weighs 0.0975 lb 
per cu in, what is 
the weight of your 
machined part? 

Weight 
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3. Your supervisor wants to know the weight of the taper bushing that you 
a\ aV the ra ^ n c e h d below? "** °* " Ml ^ ^ °' 2833 lb P« - in. Look 

Weight 




4. Cast iron weighs 0.2607 lb per cu in. 
You weigh the cast iron shape shown in 
the sketch at the right and find it to 
be 5.90 lbs. Are your scales correct 
to the nearest hundredth of a pound? 



Yes 



No 




5. You must space 5 holes equnlly on a circle whose diameter is H inches 
What is the arc distance 8 bet ween each hole? Look at the sketch. 



Arc distance 




9 

ERJC 
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• The sketch below was given to you to lay out. In order to find the dimen- 
sions you will need, you must first find angle a. What is the size of 
angle a? 



Angle a 




-fhe cxrcie 



line AS Knjfcnf -fo 

im* Cfe i£ +an^£ivf it> -Hit 
Orde of fowl- E. 



7, Steel weighs 0.000017 lbs per cu mm. 
How much do 1200 hex nuts weigh? The 
dimensions are given in the sketch 
shown at the left. 

Weight 

HINT: Area of a hexagon equals 2.598a , 
where a = length of a side of the 
hexagon. 




8. You must shape a steel rod as shown in the sketch below. How long must 
the rod be to begin with? 



HINT: Refer to example problems 1 and 2 on pages 5 and 6 cf this Project 
Sheet . 



Length 
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. Your boss wants to know the weight of an aircraft part that you have mach- 
ined. Look at the sketch below. Aluminum weighs 0.0925 lb per cu in iRo 
Tfequal to 3.1416 and round to the nearest thousandth. 




3 h ° U0W c ? lindri «l liquid gage that is supposed to 
hold an exact amount of fluid. Before you can send it to packing and 
shipping, you must fill out a form. One of the questions on the form is- 

arth m e an s y ketch ln bel f ow. liqUid *" *" «»" - *■ 



cu in of liquid 



Top View 



Front* View 





SHOW YOUR WORK TO YOUR INSTRUCTOR 

Ask your Instructor for your next Project Sheet. 



BAS 



ERIC 
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MACHINIST HELPER FORMULAS FOR SOLID GEOMETRIC FIGURES 

t G *• I T *> M <. 



LaTtro! S^t-^ct Area L =■ pK 
Total SorrOLLlxcO 6=Lf2A 



Item 


214 




\ 1 
\l 


i \ 

I y 
i / 




1 . 


y 1 


h 






/ 










1 




/ C 





Tor ntfr-f 



r 



M of 2 




Vol 

3 



base 

,4 - area or -r^e 
' base 



Cv'uiO£ScS 



r . 



h 

i 

! JL 

! 



Lflf 



£rf6l Our 



foce f\rLQ L = c h 
L-irdh 
or L-2rrrh 



\/, 



6r 0-75S4d'-'n 



C - Circun:j€rer,ce 
C - Td J 
C* 2-rrr 



S P H £ n. 5. 




Sur-j-act 
or S = TTa ~ 



\/c(l. mt 
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Lateral Surface Area LrflTS 

©r- L-J.TT3S 

z 

Volume V=J-Tr i h 



2 of 2 



^-r<?d«u6 or 
baser 




Area A, , jjfcr/mtfer p, 



Volume v/slh^A. + AjAv/AjAj) 



Area A z , r t , rrx-ltr p : 



c 




Area, A, , dustier J 



A 1 I ' 
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Name 



PROJECT S^ET 



Date 



C,uster Mpral Trridp^ Occupation Machinist Hpi p oy 



Training Module Shop Mat-h f nr Machinist 
Training Miiestone 3. Specialized Math Skills 



PROJECT 6 
INTRODUCTION TO TRIGONOMETRY 

£ Here's what you will need: 

1. This Project Sheet. 

2. A pen or pencil to answer the questions 
in this Project Sheet. 

3. A hand-held calculator with scientific fun- 
ctions. 

& Here's what you do: 

L n sic hl t S ri Pr °i eCt Sh6et ' y ° U WU1 review some 
basic triangle geometry. You will learn about 

the measurement of angles. You will also learn 

about triangles, especially right triangles. This 

2 h P i r s ef T y ° U - f0r ^ n6Xt Pr °J ect Sheet 
which is about trigonometry. This work will help 
you solve many shop problems. P 

1. Read and study the geometry review on 
pages 2 to 16 of this Project Sheet. 

2. Work the Shop Problems on pages 17 to 20. 

3. Have your Instructor check your work and 
Record ^ °" ^ StUdent Trainin 8 

4. Ask^your Instructor for your next Project 
$ Here's how well you must do: 

IZZW sccre 8 out of 10 shop 

l. Yaj rr, u ." ...wr quest iops about this Pro- 
ject Sheet to the appro, of your Inst- 
ructor. 
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INTRODUCTION TO TRIGONOMETRY 

This Project Sheet is an Introduction to the next Project Sheet about 
trigonometry. When you work in a shop, you will use trigonometry to find 
missing dimensions on a blueprint or drawing, to do layout work, and to 
use gages to check tolerances. 



ANGLES AND THEIR MEASUREMENT 

Angles are measured in degrees, minutes, and seconds. 



DEGREES: 


<°> 


unit of measure 


of angles 


MINUTES: 


(') 


unit of measure 


of angles, 






one degree « 


60 


minutes 


SECONDS: 


(") 


unit of measure 


of angles, 






one minute m 


60 


seconds, 






one degree * 


60 


minutes 






one degree * 


3,600 seconds 



The symbol for angle is X . 
Figure 1. 



There are four types of angles. Look at 




"t?Oiffc anglfc ' J(L A©& \& more 
'fhon o* but less than S>o* 



+he Symbol -for a 



EL 



£ight angle : 4^6 =£>o* 




ob-ruSfe aggie : 2£ Aob »s more 
"fhon- SO° but- ifcss than ISO* 




■ Stroiqhh angle : Aoe> ■ *©o' 



ERIC 



Figure 1: Four kinds of angles. 



r J 1 f 

O ^ J, 
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An angle can be named in one of two different vays. Look at Figure 2. 
A 





-4T Aos OT * &0 * : -4 a : a srniplv names 

Vlu fcn ** on * * !<U +^ angle. This is the 

i ZD* C r«3 k ' & »* tn ^- most com mon way a«f 

rh*©tn*r*i4« ©f ttwqnqle, naming angles 
and o is+h« v£r+_*x of Hit * J 

anglt ^h«r« +h« +wo tides meef. 

K^ure 2; iRnmii^ an angle. 

Most angular measurement on sketches, specifications, or blueprints are 
given in degrees, minutes and seconds. When you use a calculi J 

XutL 011 T t0 taW h ° W t0 C0DVert «« angir^sur^ LTegr^r 111 

minutes and seconds, to its equivalent in decimal numbers. Qegrees ' 

Par Example: 

1. 17*2o'= it+(zo'x jTj 



CO' 



*■ '7*+ 20 ^ 2>iuide the minutes by 60 to 

6° ^et the decimal part. 

- n* 4- 0.53* 



17.*^ 



60 »' 



22° 4- j+' 



Divide aeconds by 
60 tc get decimal 



60 

/ w " w gev aecvn 

s Z2 +4-6 + 0.255' part ojf minutes 

a 22* + +6 . 25 V 

. 22" +(^&.255 / x jj \ 

£>o' 

xr 2Z* +• 4-€». £55 * Ptvtde minutes by 

' &o 1 £P *o get decimal 

» 22*+. 0 jr\* • rarit °- J decrees . 

• 22.771* 

,3-316 33^ 
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IITZ'IS h "T< » «>«•• a decimal £.„ of degrees beck to 



minutes and seconds 
For example 



\. 4-S.7* = (o.7*x 60' ) ^. 

f 



Multiply the decimal part of 
degrees to get minute's . 



r 73% 

S 72*+ So'+ (0.4V GO") ^ 

1' 

= 73*+^0'4- 24" 
= 73* 4-o' ZA? 



Multiply the decimal part 
of degrees to get minutes . 

Multiply the decimal part 
of minutes to get seconds. 
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PI AND RADIANS 



You will work with the constant number called pi ( a Greek letre^ 
written as TT . The value of pi can be figured to many tats but'^wS^ * 
be enough for you to know that it is the ratio nf rvZ L * U1 
circle to its diameter. Look at figure 3 below: of any 




orcum-ference = cUWe around 

any gsven circle 

diamtHr = Una+h o-f a lm € Crouch 4-h £ 
Ctn+er of +hc arclc f o fhe 
ouTtrfcdats 6 .f circle. 



orcum-ferfencfe - Tt „ ... 



6.nc*ir ,s nofcne.acf number u 5fe +he follow,™ v*l-<. 



Figure 3: 



- the circumference of a circle divided by the dimeter. 



In some technical measurements vou mp V 

called radians. It is Z f v f ! measurement of angles 

related an H w ^ enough tor you to know how radians and degrees are 

related and how to convert from one to the other. "Agrees are 




1 radian = 57.296 degrees 
1 degree = 0.0175 radians 



Here's how to convert radians and degrees: 
1. Convert 0.76 radians to degrees 

degrees - 0.76 radians x (57.296)^ 

therefore, C.76r « 43.5i c 



multiply radians by 57.296 
to find degrees 



9 
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2. Convert 72.5 degrees to radians. 

radians « 72.5 degrfees x (0.0175)-* — multiply degrees by (0.0175) 

to find radians 

therefore, 72.5° « 1.27r 
You should also know that there are Z\T radians in a circle. 



1 xTf * 1 rodion s 2 X 5. Hlfc % 57.256 

is 56o° (-Hi* number o£ 

d*<}r€*s in any' circle) 



TRIANGLES 

Before you can learn trigonometry, you must know all about triangles. You 
must know how the sides and angles of a triangle are related, 

A very important thing about triangles is that the sum of the three angles 
in any triangle is equal to 180 degrees. Look at Figure 4 below: 



9 

ERLC 




4 * SO 
b = 36* 
e * us * 



Figure 4: Triangles have 180 degrees. 

Figure A shows that if you know how cany degrees there are in any two angles 
of any triangles, you can find how m any deg rees there are in t he third an gle. 
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To see how to find the size of an angle in a triangle when you know the 
other two angles, look at Figure 5: 




4- 0 = 55*, 4-b«rS4-* ; Find 4c 
•fir&f ad4 = 35%- 84° 

•Hmn Subtract fhol- 
toral -From ISO* or 

, 180°- US" = £C ( or 

Figure S: Bow many degrees are in angle C? 
Remember: i n all triangles, the sum of the three angles always equals 180°. 

RIGHT TRIANGLES 

A right triangle is a triangle with one angle equal to 90 degrees In other 
ZS« figure f. ° 8le th3t tW ° ° f itS Sid£S V^endiJlal to e£h TZr, 




Figure 6: Right trianales. 



9 
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The 90 degree angle in a right triangle 
is marked with a little square: 

Perpendicular: (J.) when two lines meet in 
a right or 90 degree angle. 
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The three angles in a right triangle always add up to 180° just like all 
other triangles. The right angle in a right triangle equals 90° so the 
other two angles must add up to 90° to make the sum of 180°. Loak at 
Figure 7. 




you know fhaf 
4-a +^b+4c = 180* 

SO°+ (90°) = 180° 
qnd you can Sfefc fhaf 



Ftgure ?: The sum of the two acute angles of a 
right triangle equal 90 degrees. 

When you use trigonometry it is much easier to work with triangles in a 
stanaard position. Of the right triangles below, only triangle ABC is in 
the standard position. 



erJc 




To see how to place a right triangle m the standard 
figure 8. 



position, look at 




Horizontal 
Side 



Place the triangle so 
that the right angle 
is on the right side, 
one side (AB) is 
horizontal^ and the 
other side (BC) is 
vertical. The lonaest 
side (AC) will slope 
up from left to right. 



Figure 8: Standard position for a right triangle. 
t;^t e io 9 ;. ^ ™* ^ "~ ~- to he i 





pos; ion 



X3 



'if ** /-i O • * v- 

^ few*'*/'*. 



9 Or 
3-322 Jj J 



10 of 20 



S!h fT / 0 V n ? erStand standard Position, you can name the sides oi a 
right triangle in a way that has also become standard. Look at Figure 10. 




oppos i+e 
s ids. fo 
angle a 



adjQCtnf side 
to ana I e a 



Figure 10: The language of right triangles. 



ERIC 



Look at Figure 10 again. Angle E is the right angle. The longest side FD 
opposite the right angle, is called the hypotenuse (high-pot '-a-noose) . For 
angle a, the side DE is called the opposite side, and the side, FE is called 
the adjacent szde. For an^le c, FE is the opposite side, DE is the adjacent 
side, and FD is still the longest side or hypotenuse. 

Check your understanding of the above names by figuring out which sides are 
which for the triangle shown in Figure 11. 




J. Side opposite ^ a 
Hv^poteKuse 



zee 



id-aoeKt zc ^ i 



Zzce adcacer.t zc ^ a 



5 zee crrc$ 



Figure 21: Here standard Kar.ec f:r richt TriaKc'es. 
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Did you get these answers in Figure 11? 
*• AC 2. BC 3. AC 



4. AS 



5. AB 



If you had any trouble getting the above answers, look at Flour* in 

and compare the names to the questions in Figure 11 8 again 

PYTHAGOREAN THEOREM 



ERIC 



oreQn Theorem ; 
H*- c A a "+ B*, or 




Figure J 2; J7je Pythagorean theorem. 

i™r rdS * Fi8UT n e 12 u SayS '' F ° r my ri 8 ht tr We, the square of the 
rTht"rL e ng e i q r 1S *" ° f ^ ° f the ° th ~ "° otthe 

St tb s,rL°JiSr?s? about the Pythogorean the — is sh °- - *• 
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Th* arte of thfc Square A , 
with sicUs a, plus 4hfe 
arta of the Square B, 
with sides b, is wgual 
to "hhe orta of ttit square 
C, with Sidts C, or : 

Arfra of A + Ar«-a of B> « Ar*a of C 
(a*o) + (bxb) = (etc) 
a* 4 b* - r> 



V 

/ r 


b * 

b 


a 

a A 





Figure 13: Another way of thinking about the Pythogorean theorem. 



SPECIAL RIGHT TRIANGLES 

There are three special right triangles that are used very often in practical 
shop problems. If you can work with these triangles your shop work will be 
easier and quicker. Look at Figure 14. 




mean* tfbouf 5T* 



Figure 14: Three special right triangles. 

The first triangle is a 45 degree right triangle. Its angles are 45 de 
45 degrees and 90 degrees; and it is formed by the diagonal and two sid 
of a square. It is an isosceles triangle. An isosceles triangle has t 
of its sides equal. Look at Figure 15 on the next page. 
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r 


i 




Figure IS: Forty-five degree right triangle. 

The triangle in Figure 15 has the shorter sides each 1 „m, i 

draw a-45 degree right triangle with any length'sSes if voJT* Y ° U T 

length of one^side, the other q-ih»<= ,-»„™„ • sines, if y0 y increase the 
stay the same-sW' t^Tr^ JT l " the angles 







G 








/ 


A&C 








At>E 


c 






Afg 












r 


r 





o ^s'nghttnongle 
i* a ^SVighi+rianqle 
and so on ... 
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Sc »• < unr+ ; and 



TicruTB 16: 



if Ab.2un.fcvH*n if AF=3 un«U> 6n 
!>Er2un ( TS ( Qnd Reunite, and 
Ae = ZV2 unifs = umfs 

"ty-five degree right tricncle. 



jr. al ^s eo« al fnd*^ lot^de, J^*^''! I"" 
1.4) ttaes the length of the short side. / ^ <about 
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EXAMPLE PROBLEM: 



In triangle ABC below, if AB = 4.63", what is l he 
length of AC; what is the length of BC? 




tSolu-hon ; ABC is a <-5* ngW+ +nan^l6. 
Thsrfcfore you know +h<rh 
A& = AC, or ACs4.6S" 

« 4-65"* 1.414 
= 6.S48" 



Remember this: 




No matter what the size of the triangle— if one angle 
is 90 degrees, and if the second angle is 45 degrees, 
then the third angle is 45 degrees also. The two 
shorter sides are equal, and the hypotenuse is 
or about 1.4 times the length of a side. 





* 














n 1/ v 







The symbol ~ 


mean* necr ly €<jual 4-o 




1.4 



In Figure U^on pazi It, the second special triangle is the IC-decree'eC 
degree right trianale. " ' 











Z 








r 





In this triangle the length of the side 
opposite the 30-degree angle "(the shortest 
sice) is exactly- one half the length of the 
hypotenuse (the longest side). 



r ne length of the third side is \fZ tin 
the length of the she nest side. 



es 



In any 3C-degree/60-degree right triangle, the hypotenuse is tvice t 
length of the shortest side. The other side is jj or about 1>7 t± 
the shortest side. 
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EXAMPLE PROBLEM: 



In Figure 17, CB = 24 units. Find -fc a, AB, and AC. 



Solution ; Xn o right trianqie the Si 
+wo angles +h<j4 ore hot 



Sum ©f the 




J%Kre J 7.- 3(5° right triangle. 



flnglts K fcquol to SO*. Th£rfrf>re 

Side Ac = Z x 5id£ &c 
- 2 x 24 umfs 
= 43 unt+s 

Side a& s V3 x side Be 
= 1.75 x 24unrfs 
=. -41.52 units 



In Figure 14, the third special right triangle is the 3 - 4 - 5 right 
triangle. If a triangle has sides equal to 3 units, A units and 5 units 
long, it must be a right triangle. If you multiply 3, 4, and 5 by the same 

SuTtSvi^ w 8 "I ? ° e Y rian8ie that iS 2 ri S hc "iangle. For instance, 
multiplying 3, 4 and 5 by 3; you will get a nev right triangle with sides 
V, i I and 15, and so on. 



You can use this 3-4-5 right triangle in layout worl; to set 
triangle. Look at Figure 18 on the next page to see hov. 



up a right 
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CONSTRUCTING A RIGHT TRIANGLE 



point of inffersscfion 



shjrrwith 
a line 




j&row an arc 
3 uru+5 in 
length 



^>row ores as 
Sftovvn from 
O and A 



Connect B to 0 

BO is perpendicular 

+o OA. 4 C = 90° 



In any 3-4.-5- n S h+ triangle the acute andes (4: a <md 

arc, opproximaHly 37* and 53* . The Smallest ana 1 6 .s ^ ; 

alwoys opposite the shortest side. 3 



?wrure J£: It 's eas? ic construct a 3-4-5 right triangle. 

three special right ti 
in triangle trigonometry. 

about this review 01 

Pa&e and work the Shop Problems. 



? e J^ ee , SpeCial right trian S le s you just read about will appear often 

If you have any questions about this review or the Example Problems see 
your Instructor. Otherwise, turn to the next page and work the Si vZ 
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SHOP PROBLEMS 

K l^S^v 3 Cal ^ ulator 1 that acce P cs a °S"^r measurement in decimal form 
vt*\J . TV* make f SOIDe "^ulations using the angles listed below. 
Find the decimal form of the angles to the nearest hundredth of a degree. 

(1) 34 degrees and 16 minutes «= 

(2) 15 degrees and 47 minutes = 

(3) 64 degrees and 51 minutes ■ 



2. You have been given the angles below in decimal form. Convert each one 
to the nearest degree, minute and second. 

(1) 48.65 degrees ■ 

(2) 65.37 degrees ■ 

(3) 15.12 degrees ■ 



3. You have been given the angles below in radian measurement. You need 
of aTeg'ree" 0 " " ** for * l ° th * ne * rest thousandth 

(1) 0.432 radians « 

(2) 0.714 radians = 

(3) 1.521 radians - 



4. You are given the sketch she .„ below ir. Figure !« Your „ * 

you to find the missing angles. '° Ui Instruc t° r wants 




Tikc the missing angles 
Cj b, c, and d." 



Nof <j>*flvVn 

to scale. 
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5 * JwIT^ 01 8iV6S y ° U / r ° Ugh SketCh ° f a profile 8 fl 8 e as ^own fa 
Figure 20 You are to calculate the missing angles. Find angles a, b, 
c f d » e, f, g and h. ° ' 9 



e m 




Figure 20: Find the 
missing angles^ a 
through h. 



tL fltll rr< tr ^°° omet yy J 0 " «" know the names of the three sides of 

at £ re i 3 u n t0 3 giVeD 3ngle 3Dd the ri * ht a *8 le - L °°* 

at Figure 21. Fill m the chart. The first triangle has been done for 



wm 1 g 






S\6k odjoetrrf 


i 


AC 


£»C 




2 








3 
















5 
















7 . 








8 












■'J 1 
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? ' rhH r J« 8 ! ""J? y °? C ° iay ° Ut the 8386 block shown in Fi 8«e 22. Find 
the missing dimensions to the nearest tenth of an inch. 



A - 




Figure 22: Find the missing dimensions A, B J C and D. 

8. On your job you are given the following sketch of a gage pattern to laviont 
and cut. You must find the missing dimensions A, B, C D^ E T C L 
Look at Figure 23. 
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S. You were told by your supervisor to lay out a right triangle. After you 
finished, you measured the three sides and found them to be 12 cm 13 cm 
and 5 cm long. Did you, in 'fact, laywjta right triangle? 



Yes 



No 



10. 



Your boss asks you to cut a brace from bar stock for a platform as shot n 
in Figure 24. Find the length of the brace to the nearest hundredth of 
a foot. (Hint: The square root of 3 « 1.73.) 



Length of brace * 




Figure 24: Bcv Zokc is the brace? 



ASK YOUR INSTRUCTOR TO CHECK YOUR WORK. 



BAS 
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PROJECT 7 

SHOP TRIGONOMETRY-PART 1 

Q Here's what you will need: 

1 . This Projecr Sheet. 

2. A pen or pencil to answer the problems in this 
Project Sheet. 

3. A hand-field calculator with scientific functions. 

$ Here's what you do: 

In this Project Sheet, you will learn the basic trigonometry 
of right triangles (a triangle with o/.e angle equal to 90°) 
This Project Sheet will help you to solve many shop problems 
using trigonometry. 

1. Read and study pages 2 to 26 of this Project Sheet. 

2. Work the Shop Problems on pages 27 to 30. 

3. Have your Instructor check your work and record 
your score on your Student Training Record. 

4. Ask your Instructor for your next Project Sheet. 
$ Here's how wc I ] must do: 



1. You must correctly answer 8 or more of the 10 Shop 
Problems ln thi.*- Project Sheet. 
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SHOP TRIGONOMETRY-PART 1 



In this Project Sheet, you will learn some basic trigonometry. You will 
learn how to find and work with sines, cosines and tpgents. What you 
learn will help you find the dimensions of angles and sides of right 
triangles. These are things you will need to know to do certain shop 
work. 



TRIGONOMETRIC RATIOS 

A ratio (ray-she-o) is a comparison of two quantities of the same kind, 

express^ in the same units. You will compare the sides of a right triangle, 

This comparison will be expressed as a quotient (quo-shunt). A quotient is 

the answer you get when you divide one number into another number. The 
quotient has no dimensions of length such as feet, inches, yards, etc. but 
is siraply a number. Look at Figure 1. 



{no dimensions) 



lengfh of S>de A 
teng+h o£ side E> 



rafio of 4*wo 
Sld^s, Aand 6, 
of o -j-nongle 



Fici<re 



s a raize , 



The key to understanding trigonometric ratios is to realize that in every 
right triangle there is a fixed relationship (or ratio) connecting the lengths 
of the hypotenuse, adjacent side, opposite side and the angle that determines 
the right triangle. Look at Figure 2. 




Thfc quo-hen*, or raho, o-f gfO«£iH± ^ de * kx * A 




* 0.9597 



ERLC 



3-33£ 



35; 



3 of 30 



There are six of these trigonometric ratios relating the side lengths of 
a right triangle. You will only need to know three of them. 



THE FIRST RATIO: SINE 

The first of these ratios is called the 
dine) and is written as sin x. Look at 



sine of angle x (sine ryhmes with 
the right triangle in Figure 3. 




+h€ rafto sinx \s 



Sin % = 


opposi+t side nr 




hype>-renuse '' 


Sin % - 






M 



Figure 3: The ratio sir: x. 



EXAMPLE PROBLEM 1: In the triangle shown in Figure 4, find the sin of 
60° and the sin of 30°. 




t.73" 



Sin 6o° s Side oppoAi4fe £o* 

hYPo-r&nuie. 

- LliZ." 

? o.8U> (rounded) 
S.in SO* = Sick oppo&i-t-fe Sq° 

- _L 
Z" 

= O.ST 
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Every possible angle x will have s nne number, sin x, relating to it. Also, 
you can calculate the value of sin x from any right triangle that contains 
the angle x. For example, you can find the sin of 40° in the triangle shown 
below. 




EXAMPLE PROBLEM 2: Find the sin of 0° and the sin of 90 c . 



To find sin 0° , draw a triangle with a very sa>all angle for angle x. 



H 



3* 



ST O 



Sin 0" *■ — , you can see 
H 

that as angle r gets closer 
to 0 r , B gets smaller and 
smaller. When angle x 
equals 0°, B equals 0 and 
P divided by H equals 0. 



To find sin 90°, draw a triangle with a very large angle for angle ?. 



Sin 



you can see that as angle X 




Sin 90 c „ J± 
H 



gets closer and closer to 90 r , B gets 
closer and closer to H. When an^le ? 
equals 90 r , E ■ H ^nd B divided bv H 
equal * 1 . 



? rorr the above, vou car see that for an> 
ancle r equal to 0 p r ^0 decree*, or 
tttwten 0 and 90 degrees, tie sin cf th£ 



o^cjl** (ntarly r 90°) 



**ar tvfi 



an c <a that 



arc 



c : r , : f ancle ;r 



i'ttwfor 0 ana 9C deere^ 



rc^er oe 



Th:s i<> a g.-od thin^i f^r vcu t< nrr 
vrur answers and to find nustaKt-. 



t ur.ate 
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THE SECOND RATIO: COSINE 



SoVaT^rel. 18 Call6d °° SinS ° f 30816 *• IC is 



as cos x. 




The. ratio cos* \$ 
defined as • 



C05 % 


- adjacenf side nr 






COS % 


c A 




H 



Figure 5: The ratio cos x. 



EXAMPLE PROBLEM 3: In the triangle shown in Figure 6, find 
and the cos of 30°. 



the cos of 60° 



*f 






r 



t.o' 



1.75' 



cos 6o° s sidfe^di ocent to 6o' 
h^po-fenuse 

* l-o" 

2.0"' 
= o.5" 



cos 5o° - 



Side ad j qcen-r fo 5q° 
hypof enuse 

. |.7b" 

= 0.666 (rounded) 



Figure Cte «° and cos ZC\ 




cos 56 " g 6S' H° djocfen ' l ~ Sldfe 
80' hypotenuse 



r 0.81 (rounded) 
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EXAMPLE PROBLEM 4: Find the cos of 0° and the cos of 90°, 



To find the cos of 0° draw a triangle with a very small angle for angle x. 




(nearly * o # ) 



Cos o 



0 = H 



Cos x = you can see that 

as angle x gets closer to 0, 
A gets closer to H, Wh^n angle 
x a 0°, A 8 H and A divided by 
H equals 1. 



To find cos 90 c draw a triangle with a very large angle for angle x. 



B 



COS 90°z G. 

H 
r o 



angle % 
(nearly = SO*) 



Cos 90° you can see that as angle 

x gets closer and closer to 90° ; A gets 
smaller and smaller. When angle x equals 
0°, A K 0 and A divided by H = 0. 



• 



From the above, you can see that the 
the sin of the angle. For any angle 
or between 0 and 90 degrees, the cos 

Or again you can say that the cos of 
never be less than 0 or gieater than 

This is a good thing to remember. It 
t3 find errors. 



cos of the angle x varies much like 
x that is equal to 0 or 90 degrees, 
of the angle x varies between 0 and 1. 

angle x between 0 and 90 degrees can 
1. 

will help you to estimate answers and 
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THE THIRD RATIO: TANGENT 

The third of the three ratios is called the tancen: 
tan x. Look at the triangle in Figure 7. 



It is written as 



h/ 


6 


The ro+/o 4~on tf, is 
dtimed as : 




s \ r 




ton % - °Ppo5ife 6ide 




A 




adjacent side. 

tan * = _B 
A 


* 


Figure 7: 


Tangent 




EXAMPLE PROBLEM 5: In the triangle shown in Figure 8 find the tan 

and the tan of 30°. 


of 60° 




<.o" 


tan 6o° - ^,j t opposif* 6o° 
Side adjoccrvf 6o° 


^ — r 




* its" 

1 " 




1.73" 




= I -73 








tan 5o° s. <>idc oppo^j-ffe 3o° 

Sid* adio*<tn-f- 3o° 
- i - J 


r 




1.75" 
= 0.5-78 




Figure 8: Tgk CC r and 


>: 





As before with sin x and cos r, everv Dos« 4 ble an ^n ~ ,.<n u 
tan x, relating to it. You can calculate" ill Mile or Ta» - ZlTt ^ 
triangle that contains the angle r. For W V! \n ' ~ A a I ^ " gftt 
of 36* in che triangle below. «ao P .e, >oa can find the tangent 



9 

ERLC 




e>5' 



tdn 36,° = 4J_' 
65'- 



■°ppo6iT6 ildc 



adjacen-f Side 



S 0.7Z (rounded) 



3 
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EXAMPLE PROBLEM 6: Find the tan 0° and the tan 90°, 



To find tan 0°, draw a triangle with a very small angle for angle x. 

B 

Tan x you can see that as 

angle x gets closer to 0°, B gets 

closer to 0. When angle x * 0° , 

ongk % B = 0 and B divided by A = 0. 

(rtttfrltjcO 0 ) 




To find tan 90° > draw a triangle with a very large angle for angle 



{an 90% & 
o 



- oo 



•Vhe symbol oo y/ ^ 



msans m+irnfy' 




ian x = , you car. see that as 
angle x gets closer to 90° ; A gets 
closer to 0 . When angle x = 90° > 
A « 0 and B divided by A is said to 
be infinity, or undefined, because 
there is no nurcber big enough to 
define B divided bv 0. 



angle tC 

Trigonometric ratios are very important. You shcu'd memorize ches. T< 
review what you have learned about the ratios so far, look a* Figure 9 



erJc 




oppoiife Side 



-*-] opposifc side 



3-341 



9 of 30 



TRIGONOMETRIC TABLES 

You have been asked to calculate these tris ratios in this Project Sheet 
to help you get a feel for how the ratios are defined and to memorize a few 
values. In actual shop application of trigonometry, the values of the ratios 
for any angle are found directly by looking them up in a Table of Trigonometric 
Functions or Trig Table, or by using a scientific calculator. To see a portion 
of a page from a typical Trig Table, look at Figure 10. 



Table 

of Trigonometric Functions 



Angle 


Sine 


Cosine 


Tangent 


0* 


0000 


1.000 


0 000 


r 


01* 


1 000 


.018 


*• 


035 


.999 


035 


3' 


052 


.999 


.052 


4' 


.070 


.995 


070 


5< 


.0*7 


.996 


088 


6 


.105 


.995 


.105 




,122 


.993 


123 




139 


.99:= 


.14! 


9< 


156 


.965 


.158 


10* 


174 


985 


.re 


IV 


191 


982 


.194 


12* 


.206 


.978 


.213 


13 c 


oo* 


.974 


.231 


14* 


.24J 


970 


.249 


15 c 


.159 


966 


^ -265 


16' 


.276 






i7>^ 

















"Sample, values 



Sin 6 = CMOS 
cos 10° = o.98S 
tan \4* - O.Z49 
.Sin 15*= 0.259 
cos Z°= 0.539 
"ton S°= O.088 




e 



> 14c 



For example, find the sin of 53°. Look at Figure 11 



angle hfere 



r 



tht sine 
column 
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Many times in trigonometry you will know the value of the trigonometric 

ratio and ycu need to work backwards tc find the angle associated with 

the ratio. For example, in Figure 12, find the angle whose cosine is 0.982. 

the cosine 

Column 



Tangent 



Then read +he 
anglfc here 




Firsf find tht 
ratio value here 



• 
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EXAMPLE PROBLEM 7: From the porcion of a Trig Table shown in Figure 13, 
Che following trig ratios and angles. 



Angle 

46* 


Sine 

719 


Cosine 

695 


17} noon* 

1 u36 


47* 


731 




1 07° 


48* 


743 


669 


i in 


49* 


755 


656 


1 150 


50* 


766 




1 192 


51* 


> i t 


t29 


1.235 


52* 


788 


bit 


1.2*0 


53* 


799 




1 327 


54' 


809 


58fc 


i 376 


55' 


619 


.574 


1 42* 


56* 


829 


559 


1 483 


57* 


839 


54 c> 


1 540 


58' 


848 


530 


1 60n 


59* 


.857 


.515 


1664 


60* 


£66 


6(v 


1 732 





875 


4M3 


1 8'*4 


62* 


883 


47*. 


1 8*1 


63* 


891 


454 


: 9^ 


64* 


899 


438 


Cuv, 


65* 


.9i>6 


423 


2 34: 


66* 


914 


407 


2.246 


67 • 


921 


391 


2.356 


68 # 


927 


o - r* 


2 4~5 


69* 


934 


35* 


2 6*j5 


70 4 


94< 




o - i- 
*. ' 1 > 


71* 


946 


32r 


2 «*»4 




9:*: 




3 I 7? 




956 


.29j 


^ • 


74* 


96: 


.276 


3 4«-' 




.966 


.259 


3 "32 



(1) You know the angle. Find the ratio. 

A. Find the cos 58°. 

1. First find 58° under the angle 
column. 

2. Then move to the right and 
find the required trig ratio 
column (in this case the cosine 
column) . 

3. Then read the ratio value. You 
get cos 58° « 0.530. 

B. Find the 'can 67°. 

1. First find the angle 67°. 

2. Then move to the right to find 
the tangent column. 

3. Then read tan 67° <= 2.356. 

O You know the rati:. Find the angle. 

A. Find the angle whose tangent = 

1 . 732. 

1. First find the tanpcpli column 
and locate the ratio. 

2. Then move to the left to the 
angle column. 

3 . Tnen read 60' . 



I ■ f ini ancle vhcse c - r ."Q^ 



irst 



t ue ra t : ■ 



read 53 c 



When yru s Ive problems 2A a: id 2p , 

:V*rrv. of d trip r^t:- . TN'^e ;nvt-rsf- 
d if f er ent Wnvp . 



a? shown above, vou are finding the 
are written mathematically in two 
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For examp] e : 



i . If sm 5o°= o.s -then 



So°- arc sin 0. 5*, or 
3o*= sin -1 o.s* 



m words this is- jsp- is thfc a ngle »/hose sin is o.s* 
Similorly': — — 

2. If Cos = 0.707 then 



45 s arc cos 0.707 or 
4S° c cos~ l 0.707 



in words this is 



I 



45 0 is the onqle whose cos is 0.737 



X. If tan 60*= 1.732 then 



60 = arc tan I-75Z', or 
6o° - fan"' 1.732. 



in word -this is 



I 



60° is the angle whose tan is, I.732 



XT" 



The notation sin -1 , cos~< , and can" 1 appears on nearly all scientific 
calculators. 



ESTIMATING CP. INTERPOLATION 

If you use ar. electronic srientifa. calculator to find the values of the 
trigonometric ratios you (an f;r,d the value for any angle or fraction of 
an angle c-uc.u> and easily. Son, tables, like the ones vou have been 
using he-e have kc values for fractional degrees. To include fractional 
o**re« w-u.d require a ruch larger table. However, it is possible to 



the valut- f-r fractions of a degree. 




c ~- iCWS _ 
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EXAMPLE PROBLEM 8: 



Using the table shown in Figure 1A, find the value of 
(1) sin 56° and 15 minutes, and (2) cos 49.6°. 



Angle 


Sine 


Cosine 


46 


.719 


.695 


A m C 


.731 


.682 


JOB 

48 


.743 


.669 


A fit 

49 


.755 


.656 


50 


.766 


.643 


51* 


.777 


.629 


52° 


.788 


.616 


53' 


.799 


.602 


54' 


.809 


.588 


55' 


.819 


.574 


56' 


.829 


.559 


57' 


.839 


.545 


58* 


.848 


.530 


59" 


.857 


.515 


60* 


.866 


.500 



Tangent 

1.036 
1.072 
.1.111 
1.150 
1.192 
1-235 
1.280 
1.327 
1.376 
1.426 
1.483 
1.540 
1.600 
1.664 
1.732 



(1) Find sin 56° and 15 minutes . 
Solution: 

Step 1. Convert the angle to degrees 
and decimal part of degrees. 

Step 2. From Figure 14, find the values 
of the trig ratios for the whole 
number degrees on either side of 
the angle given. 

Sin 5&°- 0.829 
Sin S7°= 0.859 

Sin 56.25 degrees will be 
between 0.829 and 0.839. 



Figure 14: 



Trig 



Tabic 



SteD 3, 



56* 






■*©.82S 


4T6.26* 






- ? 










0.25 * 


.OiO 


-.OOZS 



difference 



fh*n Sin 5f.2S°- o.8Z9 + .oo2S 
= 0.8515" 



Multiply the (.25) degree decimal 
by the difference in the whole 
angle sin values (.010). Then 
add that result to the sin value 
of the smaller angle (.829) since 
the sin values are increasing. 



(2) Find cos 49.6°. 
Solution : 

Step 1. Convert angle to degrees and decimal part of degrees. 
(49.6° is already in decimal form.) 

From Figure 14, find the values of the trig ratios for the 
whole number ^evr^of on either si-ie of the angle given. 
COS =. O.6S6 

cos so* = o. £4.5 

Cos 49.6 degrees will be between 0.656 and 0.6^3. 



Step 2. 
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Step 3: 



Cos 49* 



f*©.SS6«*i 



cos 49.6 s K 


ru ? 


cos SO° „ 


o. 645 




O.fe X.OI5 


- . ooie 



di-fffer€tnc6 



+hfen cos 4S.6* = - . oot8 



Multiply the degree decimal 
(0.6) by the difference in 
the whole number cos values 
(0,013) f Then subtract that 
result from the smaller 
whole angle cos value 
(0-656) since the cos values 
are decreasing. 

In other words, subtract 
.013 from the cos value 
of 49°. 



You may need to do the opposite of the above process of estimating or 
tnterpolatton. You may need to find an angle whose trig ratio lies between 
two of the values on the table. 



EXAMPLE PROBLEM 9: Using the table shown in Figure 14 on the previous page, 

find the value of (1) the angle whose sin is 0-751 and 
(2) the angle whose cos is 0.512. 



(1) Find the angle whose sin is 0.751. 
Solution : 

Step 1: Find the values in the table in Figure 14 on either side of the 
given values. 

Sin 48° = 0. 7-4-3 
Sin 43° = 0.7SS 

The angle you are looking for is between 48 and 49 degrees. 



Step 2: Find the difference between the table values and the difference 
between the given trig ratio value and the smaller angle table 
value. 



Sin 48 = ,-"~o.743 

? = ru»~©.75i 

Sin -49° = 0.755-*J 



difference , ooj 



c 
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Step 3: Use these differences to ,l„a the dectal part of the angle . 

°- - 8 „ a The an 8le you are looking 

O.OIZ ~ VZ " for is °- 667 of the way 

between 48 and 49 degrees. 
Therefore, the angle whose sin = 0.751 is 48 fiA7° 

ways: u-/;u ls <*8.667 , or written in other 

sin-' 0.751 = 48.667 degrees 
arc sin 0.751 - 48.667 degrees 

(2) Find the angle whose cos is 0.512 
Solution : 

SteP ' : £ * M - 

Cos 59° = O.SI5 
Cos 60° - O. 500 

The angle you are looking for is between 59 and 60 degrees 

step 2 ^^^^^-^ r and the ' 

smaller angle table value! * ^ ValU6 3nd the 



COS 5*9- m -o. SIS" -H fTfW^T 
COS 60* « O.SOoJ L — - 



Step 3: use the differences to find the dccimal „ ( ^ ^ 

0-003 . 3 . o2 The angle y° u are looking for 

O.O 15 Ty " ' ■ is °' 2 of the way between 59 

and 60 degrees. 

Therefore, the angle whose cos = 0.512 is <9 ?° „ , 

ways: JU ls - y - z . or written in other 

cos - 1 0.512 - 59.2 degrees 
arc cos 0.512 = 59.2 degrees 
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ANGLES BETWEEN 90 AND 180 DEGREES 

If you have a scientific calculator, any angle between 0 and 180 degrees 

ules 6 ST ? T ly ' BUt " y ° U C ° U " Cables ^ -st know sL 

InT , on"! 68 bl88er than 90 degreeS - This is b ^use most tables 

Tm/l t eg l eeS ' Y ° U d ° n ° C need C ° WOrr y about an 8^s bigger than 

180 degrees. Look at Figure 15. 

Tn 3 ratios -For armies between 90° ond \So» 
Ing .ro4-.PS -for onql es bfe+w^n 

+of.nd values o-r s,n t , cos.ne, ond -hin^f rrrf^s 



cos (90°-*a) = - Sm a 

Sin (90° + a ) = COS a 

-tan CSO- +a )= _+ an ( 9o °_ a ) 



for example. : Find cos )4o° 

step 1, Break anq> down +o 9o° plus some 

Smaller- angle. Cos l4o* leos (9o-f 5V) 
step 2. ^nd th & ri^bT-fbrmu/a -from aboste 

3. Look up value o-f +he smolkr ancle 
in the -tri<j fqblfe -figure !4. ° 

Fur-rner examples : 

F.nd 5. n ISO* Sm I50 0 „ sin 

Cos 6o° - o.q-oo = ,^ n o 

F«nd -fan 125° 4 0 n 125° -f a n (W+ 35°) 

ton (90°+ 35°) s _4- 0n (9o°- 3^°) 
-ton (90*- SS*) = __-ran ~ ' 

-±an £5° = -1,4-23 IZ5* 



* C * r t St r >' 



■in- 
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SOLVING RIGHT TRIANGLE: 



So far in this Project Sheet. \v 
ratios, their definitions and ti.«w 



have learned about the trigonometric 
^ I^ok them up in a table. You have 
learned to find these ratios tron. tUu angles, and you have learned to 
do the inverse. The inverse was vt,,n yoo found the angles from the given 
ratios. 0 



For now you are only working with right triangle trigonometry. That is 
where one of the angles of the triangle is equal to 90°. If' you know one 
of the acute angles (less than 90°) and one side of the triangle, vou can 
find the other two sides and the other angle. If you ^ ov tw * side VQu 
can find the other side and the two acute angles. 

If you do not have a scientific caicuiatcr, use the table in Figure 16 on 
the next page to do the Example Problems that begin on page 19. 
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Angle 

0' 

r 

2' 
3' 
4' 
5' 
6' 

/ 

8 C 
q- 

10' 

ir 

12* 
13* 
14' 
15< 

16° 
17' 
18* 
19 f 
20* 
21' 

23' 
24' 
25 ' 
26 e 
2?' 
26' 
29 e 

so- 
ar 

32' 
33' 
34" 

35° 
36 • 
37' 

3*' 
39' 

t . 

42* 
43 
44' 
4V 



Sine 

OOfK) 
018 
035 
052 
.070 
067 
105 
.12° 
1°9 
.156 
174 
191 
.208 
.225 
.242 
.259 

.276 
.292 
309 
.326 
.342 
358 
375 
.391 
407 
423 
436 
454 
470 
485 
.500 

.515 
530 
545 
.559 
574 
5^8 
h '2 

b4 r i 

DC 0 
J 

6<-n 



Cosine 

1000 
1000 

.999 

.999 

998 

.996 

.995 

.993 

.990 

988 

.985 

.982 

.978 

.974 

.970 

966 

.961 
.956 

951 

946 

940 

.934 

.927 

.921 

.914 

906 

.899 

891 

883 

875 

866 

.857 
848 
839 

829 
819 
809 
799 
7Kt 

7W 
755 
74J 
731 
71^ 
'i7 



Tangent 

0.000 
.018 
035 
.052 
070 
088 
105 
123 
141 

.158 
176 

.194 
213 

.231 

.249 

.268 

.287 
.306 
325 
.344 
364 
.384 
404 
425 
445 
466 
488 
.510 
532 
554 
577 

601 
625 
649 
675 
700 

7*4 

73] 
Mr, 
8J9 
8«<- 

9m, 
1 0f*» 



Angle 

46 e 

47' 

48* 

49 e 

50' 

51 e 

52' 

53 c 

54 * 

55 1 

56' 

57' 

58* 

59' 

60 f 



Sine 
.719 
.731 
.743 
755 
766 

t » i 

.788 
.799 
809 
.819 
.829 
.839 
.848 
857 
.666 



Cosine 
.695 
682 
.669 
.656 
.643 
.629 
.616 
602 
.588 
.574 
.559 
.545 
.530 
.515 
.500 



Tangent 

1.036 

1.072 

UU 

1.150 

1.192 

1.235 

1.280 

1.327 

1.376 

1.428 

1.483 

1.540 

1.600 

1.664 

1.732 



6r 


.875 


.485 


1.804 


62 e 


883 


.470 




63' 


.891 


.454 




64 4 


.899 


.438 




65' 


.906 




~.14o 


66 4 


.914 


407 




67 4 


.921 


.391 


2.356 ' 


65 6 


.927 


.375 


2.475 


6«- 


.934 


.358 


2.605 


70 e 


940 


.342 


2.747 


7] £ 


.946 


.326 


2.904 


72 c 


951 


.309 


3.07S 


73' 


.956 


.292 


3.271 


74 c 


.961 


.276 


3 487 


75' 


.966 


.259 


3 732 


~6 C 


.970 


.242 


4.011 




.974 


.225 


4.331 


78 c 


.978 


.208 


4.705 


79 c 


982 


.191 


5.145 




985 


174 


5.671 


SV 


.988 


.156 


6.314 


82' 


990 


139 


7 115 


83' 


993 


122 


8.144 


84 c 


995 


105 


9.514 


85 ' 


996 


067 


13 43 


8( c 


998 


070 


14 30 


87' 


.999 


(i52 


19 08 




999 


035 


26 64 


89' 


1 OOn 


018 


57.29 








X 



erJc 
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EXAMPLE PROBLEM 10: In Figure 17, solve for the length of side A. 




Figure 17: Find 
length of side A. 



Step 1: Decide which trig ratio is the right one to 
use. In this case, you know the hypotenuse 
(21 feet), and you know the angle (50°). 
You need to find the adjacent side (A). 
So, pick the trig ratio with the angle, 
hypotenuse and adjacent side. From before: 

„ _ adjacent side 

COS Q - ~ — ** 

hypotenuse 

Step 2- Substitute the known values of the given 
triangle in the cosine relationship in 
Step 1 above. 



cos 50 c 



A 
21 



Step 3: Solve the equation for th* unknown quantity (in this case A) 

from your calculator or from the table in 



Find the cos 
Figure 16. 



cos So* ^ A 

Z\' 

A *J£ * z\ % Cos So* 

A m 1 3. Sos' 

A - (rounded) 



multiply bo+h sjdes 
of the 6quQ+!On by 2\' 



EXAMPLE PROBLEM 11: In Figure 18, solve for the length of side H. 




Step 1: Decide which trig ratio to use. You know 
the hypotenuse (36 ri) and you know the 
angle (AO 0 ). You need to find the 
opposite side (H) . So, pick tlie trig 
ratio with the angle, hypotenuse, and 
opposite side. From before: 



Figure 18: Find the 
lenath c r side M. 



sm a 



opposite side 
hypotenuse 



Stes 2: 



Substitute the known values of the given triangle in the sine- 
relationship in Step 1 above. 



sin 40 c 



M 
36in 
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Step 3: Solve the equation for the unknown quantity (in this case K) . 

Find the sin 40° using your calculator or the table in Figure 16. 



S»n -4-0* - M 

M- 23.lSm (rounded) 



EXAMPLE PROBLEM 12; 



In Figure 19, solve for the length or side C. 




7 z our e 29: Fi y id : h*. 
\enotk o r side C . 



Step 1 



Step 2: 



Decide which trig ratio to use. You know 
the adjacent side (14 feet), and the angle 
(32°). You need to find the opposite side 
lC). So pick the trig ratio with the angle, 
adjacent side and opposite side. From before: 



tan a 



opposite side 
adjacent side 



Substitute the known values of the given 
triar.s^c in the tangent relationship in 
Step 1 above. 



tan 31 



r 

IZ 7 



Step 3: Solve the equation for trie unknown quantity (in this case C) . 

Find the tangurt cf 32' free you calculator or from the table 
in Figure 16. 



tan 52* ^ C_ 

V * C ~ [%' * ton 52°-< 

H C \4' x O.GZS 

C c 8.7S' (rounded) 



multiply bo4-h sides 
o-f the £qua+ \on by l 4' 
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EXAMPLE PROBLEM 13: 



I n Figure 20, solve for the angle a. ~j 




Step 1: 



Figure 20: Find 
ancle a. 



Step 2: 



Decide which trig ratio co use. You know 
the hypotenuse (18 inches) and the opposite 
side (12 inches). You need to find the 
angle a. So, pick the trig ratio with the 
angle a, the opposite side and the hypotenuse 
From before: 



sin a «= 



opposite side 
hypotenuse 



Substitute the known values from the given 
triangle in the sine relationship in Step 1 
above. 



sin a 



12' 
18" 



Step 3: Solve the equation for the unknown quantity (in this case the 
angle a) . 



Sin a = ii 



Write as the inverse sin (sin ~ 1 ) which 

sm a = o.6£>7 V?V A A a J s the * n8le whose sin is °- 667 - 

< j 10 tind the angle, use the inverse on 

a = bin your calculator, or use the method in 

a =- 4).8IO° Example Problem 9 on page U of this 

ar4L8 e (rounded) Project Sheet. 



EXAMPLE PROBLEM 14: 



In Figure 21, find che length of side Tj 




mm 



Step 1: Decide which trig ratio to use. You know 
the angle (25°), and the adjacent side 
(15mm). You need to find the side which 
is the hyotexiuse. So, pick the trig ratio 
with the angle, the adjacent side and the 
hypotenuse. From before: 



Step 2' 



cc s a 



adjacent side 
hypotenuse 



Substitute the i'nowr, value, fror. the- given triangle in the cosine 
relationship in Step 1 above. 
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Step 3: Solve the equation for the unknown quantity (in this case P), 
Find the oos 25 from your calculator or from the table in 
Figure 16. 



COS 2S !S 

p 

P x cos 2S* = IS mm 



d^ci^ C90 6 

P « IS mm 



5_ multiply bo+h 

of the equa+/on by P 

dwids bo+h sides 

of +he ecjuofion by" 0.906 



0.9 o<o 
P ~ mm 
P s 16.5*6 jnm (rounded) 



EXAMPLE PROBLEM 15: 



In Figure 22, find the angle a. 




Step 1 



16. S M 



Figure Find ancle A. Step 2: 



tan a 



Decide which trig ratio to use. You 
know the opposite side (14 n ) and the 
adjacent side (16. 5 1 "). You need to 
find the angle a. So, pick a trig ratio 
with the angle a, the opposite side and 
the adjacent side. From before: 



tan a = °PP osite side 
adjacent side 



Substitute the known values from the 
given triangle in the tangent relation- 
ship in Step 1 above. 



14 M 



16. 5" 



Step 3: Solve the equation for the unknown quantity (in this case angle a) 



ton Q = i-4- 



a 
a 
Q 



16.5 M 
o.84S 

ton- 1 o.8-4-8 
-4o. 298° 
-40. 5° (rounded) 



Write as the inverse tan (tan ~* ) which 
says: a is the angle whose tangent is 
0.848. To find the angle, use the inverse 
on your calculator, or use the method in 
Example Problem 9 on page 14. 



3 
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EXAMPLE PROBLEM 16: 



In the sU-t i. -..out. xn Figure 23, you are tc find the 
dimension r and the angle a. 




You jnust first find out wnich triangle you are going tc work with. You 
know you must work with ane'e - ^v^c.^ - ^ ^, 

7 t^. g V dL-enbl0u and tne cimension equal to 



3 inches. Look at the sketch shown below: 



s rodius 
of IiHMfc whtfei 




In this sketch you can see frcs geor.etry that you can extend a line froir 
point 0 parallel to line over to the radius of the big wheel and the 
length of that line will be equal to *. Now look at the Letch be 
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From Figure 23 the diameter of the little wheel is 0.8" and the diameter 
of the big wheel is 1.6". Therefore, the radius r; of the little wheel is 
0.4 and the radius r z c f the big wheel is 0.8". Then vou can find the 
dimension v as follows: 

y + n - r x 

a + o.<4* = o.8" 
a = o.-*- M 



Then you have tne triangle ;.\ u ne-d jrc r'.t -formation vou nee. 
at the sketch below: 




Notice that your triangl- is upside down from the wav you have normally 

worked with triangles— o jt the names of the sides are the same. The side 

adjacent is s, 3" is the longest side or hypotenuse (it is opposite the dfc 

right angle) and 0.4" is tne side opposite angle a. The easiest wav to 

find the unknowns is to first find angel a. So choose the trig ratio that 

involves angle opposite side and hypotenuse. You've done that before. 

Sin a s opposrVfc s>d e 
hypo+^nus €> 

Sin a - Q.4- " 
3" 

a = Sin" 1 0.1335 
a s 7 66 "(rounded) 



Now 



that yc know the angle . tu sclvt fo r r choose another trig ratio 
that involves r, angle j, and either C.4" cr 3" . If you choose the ratio 
that involves ~ adjacent sice;. O.u" 'opposite side) and angle a, vou have: 



C; 

tan = — ! 



If you choose the ratio that invokes r 'adjacent side), 3" (hypotenuse) 
and angle 2, you have: 



Cr 
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Although either ratio vail giv. vou the *a.« , riSWer , the cosine ratio is 
easier to calculate, especially sf v Cu don't have a computer. 



COS fl. = JL 
S" 

3"j£ oos a. - jC_ \e • ^ 

3" x cos 7^* - ^ 
5" X O.S5, = * 

X e *r. .97" (rounded) 



k tjltiriv br th sides of the equation bv 3' 



EXAMPLE PROBLEM 17 



Tojcnow if you have machined deep enough on certain 

V notch type cuts, a rod of known dimensions is used 
as shown in Figure 2*. IOU cannot measure the dimension 
shown as 1J30" to check for depth because of the radius 
shown at the bottom of che "V" cut. However, you can 
measure deoemson A. Whe- vcu are deep enough, what 
snould dimension A be"' 




figure. - F: k . 



Solution: First of a 



11, you must rna a little ceocetry. When a circle 



-------- y . "»*wio^j.i^xc 

is tangent (or just touching) to a line, another line from the 
point of tangency to the center of the circle makes a 9CT angle 
Look at the sketch b> l~v. 6 



9 




P i-S rhe ctnffcr of 
tht cjreid 

angle, a = 90° 
o is +ht poinf or 

l«0€ Po is rhe rodius 
of +h6 circle 
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Kext find out what you must know to find the answer. Then pick out the 
triangle you have to work with. If you can find the distance y from the 
top of the circular rod and subtract it from 1.00", you will have A. 
lf>ok at the sketch below: 




Now look at the sketch below: 

r 



Y<ou know 

<• cU p. 5" 
£ Z 

r= 0.25" 

Z. flncjk a =90°-6O° 
a - 50* 

Sm«. ijoo need +"0 know 
X i pick, a fr^ rofio 
Involving Qn<j\t Q } r f and^jL, 




bin a - oppo<>«f-e -side- - _T 

•5m 30° = D.25" 
X 

% x Sm 50°« 0. 2S" n \ multiply bo4-h s>tdt± 

% v £b>5) - o.2S" ^_d,vtde bo-Mi Sides of 
fth^) (o.fr) +ht fequofion by 5«n S0"=A5 

% = O 25 " 
05 

% o 0.5"' 



4-nen from bfefort : diifanct y = £ + r 

y = 0.54- 0.Z5"" 

and A = \.oo"~Y 

A * I 00" - 0.75" 
A - o.zs" 

So when A * 0.2 5'* you have cut deep enough. 
Now you can try some Shop Problems. 

O rs ~ - 
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OP 



1. 



You are using a computer operated cutter t« , ,* 

need to find the distance above a ^ase lin. L ! C6rtain Sl ° pe you 
In the sketch below the cutter i itrL J u P^ition your cutter. 

You need to find the dL n on sl^Ts L '£ "T^ P ° Sitl0n ' 

sion snown as L. (Round to nearest hundredth) 

Dtstence L 



5— <jiom«4-€f- 



Slop* 4x> cu f 




bo*€ Jln£ 



You need to use a screw wi<-n =» u.j . , 

larger than 70°. Your sup^-isor " °° 1688 than 65 ° and no 

Will it b. satisfactory-? ^ tM S ^ Shovn in Fi S-e 26. 




■360 
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> need a screw with a pitch of W If the angle of the V thread is 

J6.5 , w.iat does the depth D of the thread need to be? Look at Figure 27. 



Depth D 




Figure 27: Find the depth D. 



4. Your boss gave you a sketch to lay out a pattern of holes to be drilled, 
In order to do this you need to find some missing dimensions. Look at 
Figure 28. Find the missing dimensions. 



anale a 




6 holes dvfcnly space4 
oround Q circle whose 
Circumference is 28" 

Find d ; r and angle a. 



Figure ; fitter*: cf -y lee to be drilled. 



You are given the job cf making a punch as shown in the sketch below. 
The taper of the punch is to be 15*. You must find the angle a and 
the diameter P. 

^V~£ 2 diameter F 
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6. You have cue a V notch in a steel bar to a control depth of 2 00" Bv 

usxng a steel rod of 1-inch diameter, you are able to measure' the 'dimension 

B. Assuming the V notch has been cut to the proper depth, what shoSd 

dimension B read? Look at Figure 30. ' should 




3 = 



Mini: Look of 
GXonpi* problem 17, 
poger 25 of -Bus 
Projecr SW**V. 



Figure ZD: Tird dimer.?;^ ». 



loo" al" L e re%i t0 "ST ^ ° f 3 Shaft with taown dimensions. 

look at figure 31. What is angle a? 



1/750 




taper 
/ Gngk a 



. r t>^ zcv-er anaZe c. 



Yo* have drilled three holes in 
a steel plate according to the 
pattern shown in Figure 32. 
Your boss wants to know the 
distances between the holes. 
Find dimensions A, B, and C. 




P'kq dimensions A> 



inc , , 
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9. 



You have drilled and reamed 8 holes equally spaced around the curcim- 
ference of a circle as hown in Figure 33 below. To check the accuracy 
of your work, two stick pins are placed in two adjacent holes. You 
then make a measurement M across the two pins (M«3. 0620" ) . This 
measurement is then compared to the corresponding dimension M hwich 
you must compute "by trigonometry. To the closest ten- thousandth of 
an inch, what is the difference "between your measurement M=3.0620" 
and the dimension you computed by trigonometry? 




Diff erence ( accuracy) 



tn. 



hinl : Qnale a = $60° 

8 



Q c: 45* 



Figure 35: Find the 
acciaacy of dimension M. 




10. You have machined a tocl punch as hsovn Figure 3^ below. You 
measure angle E as 50.29°. Tc check your accuracy against the 
drawing , you must compute angle E by trigonometry and compare it to 
your measured angle c" 50.29°. What is the difference, to the nearest 
one-hundredth of a degiee, between your measured angle E and your 
computed angle E. 



Z'i ^erence (accuracy) 



dearees. 



o.\875"r 




— ^| 0,42S 
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PROJECT 8 
SHOP TRIGONOMETRY: PART 2 



$ Here's what you will need: 

1. This Project Sheet. 

2. A pen or pencil to answer the Shop Problems in 
this Project Sheet. 

3. A hand-held calculator with scientific functions. 

^ Here's what you do: 

In this Project Sheet, you will learn the basic trigo- 
nometry of oblique traingles. Although there are many 
other laws and methods in trigonometry, this Project Sheet 
only deals with the Law of Sines and the Law of Cosines 
This Project Sheet, along with Shop Trigonometry-Part 3 
will give you the ability to solve the majority of all 
shop problems deali-.ig with trigonometry. 

1. Read and study pages 2 to 10 o2 this Project Sheet. 

2. Work the Shop Problems on pages 11 and 12 of this 
Project Sheet. 

3. Have your Instructor check your wc _*k and record 
your score on ycur Student Training Record. 

A. Ask your Instructor for your next Project Sheet. 

% Here's how well you must do: 

1. You must understand the Law of Sines and the L-w 
of Cosine? well enough to score 4 out of 5 of the 
Shop Prolor.s in this Project Sheet. 
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SHOP TRIGONOMETRY-PART 2 

In the previous Project Sheet, Shop Trigonometry-Part i, you learned how 
to solve many types of shop problems bv solving right triangles. Sometimes 
you solved oblique triangles by reducing the oblique triangle to a series 
of right triangles. In many cases, it was hard to do and it took too much 
time. So, in this Project Sheet, you will learn two shorter and direct 
methods of solvirg oblique triangles. 

SOLVING OBLIQUE TRIANGLES 

An oblique triangle has no an ? 1e equal to 90°— no right angles. Any oblique 
triangle can be solved with trigonometric ratios if three elements are known 
and one of those elements is a side. Problems that can be reduced to oblique 
triangles, and solved, are usually divided into four groups— depending on 
which parts of the triangle are given. You can find all the rest of the 
dimensions of a triangle if you know the dimensions given in any of these 
four groups: 

Group 1: Any two angles and one side are given. 

Group 2: Any two sides and the angle opposite one of the sides 
are given. 

Group 3: Any two sides and the angle between the two sides are given. 
Group 4: When all the sides are given. 



TWO SIMPLE FORMULAS 

There are two simple formulas, the uz* ;f S:\es and the Lav of Cosines. 
With these two formulas, you car. easily and quickly solve the" above four 
groups of oblique triangles. In this Project Sheet, you will see how the 
formulas come from making right triangles out of oblique triangles . *" You 
don't need to remember how to get the formulas. You dc need to remember 
what the formulas are. You'll also need to learn how to use the formulas 
to solve the Shop Problems. 
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THE LAW OF SINES 



Look at Figure 1. Name the side, triangle AB< as t, and c. Name the 
angles opposite these sides as A, I , and C. Dra- the perpendicular h and 
you get two right triangles, ABL arc BCj. 




C 



\ c inn^U6DC y h = SinC,or h-OSinC 



equaling -fhe 4-wo 6xprtsSioni -for n * C'^inA* flSmC, 



or 



$mA sinC 



— fcaua-Vion Q) 



now r«dr 0W A Ag>C by drswjncj cs perpendicular h -rr^m 
CxHnSion o-f s»d* c 4W^ pomf C (ssc below). 



on 




b 



r.gWT ,u r „c ; - F 4 or h = asm F 
a 

C trom georvwcVry F*lSO°-&> ? So h = Q Sin (l6o*-&) 



+ht^ equa+ing +h* 4wo expressions -for- h: bs/nA- asin6 j 



or 



"5m As s\n & 



equation 



4ion® 



Combing €.qaof»oni (T) and (?) 



a 



Sin A S»n B S»n C 



sfce Ley r^* r.'^o. 



LoW of S\rt£S 



0 
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Sometimes the Lav of Sines is written as three equations 







= h 




sin 


A 


sin 


B 


a 








sin 


A 


sin 


C 


b 




s c 




sin 


B 


sin 


C 



Each of these equations 
contains four elements 
of the given triangle. 
If any three elements are 
giver (in any one equation) 
the fourth element may 
easily be found. 



In other words, this says: In any triangle, right or oblique, any side is 
proportional to the sins of its opposite angle. 
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THE LAW OF COSINES 



Look at Figure 2. Name the sides of triangle ABC as a, l } and c. Draw the 
perpendicular h and you get two right triangles ABD and BCD. Divide i int> 
rr, and k as showr. below. 



in -Hi* ri<jh4- ^ b&C: 

h»- + n ^ha^ripn © 

also n c b - m 

In A A&t> mr ccoiA ; +fitn 

n - b — c cos A 

<M?>o in rigk+ £». A.e»D> ; h » C ^>i^ A 

Sub:vr.+ul.ng 6C} uof)oni0 and © m4-o fc(J uQhon © 

a^x: C' t S<n L A -^b^-Zbc coS h+C^oaS*-^ j re orranq,^ 
a 1 - c^Sm'-A + C^»-A -2bc«>5 A ^ -fac+onna C* 




£*■ j ^4- b"- £ab cos C 







2bcco5 A 


b 1 = 




Zaccos & 




aN b*- 





— i Law ol CosinfcS 
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if™ Sji°!l»L S r eqUa " 0nS "" M1 " s f °« 1«.nc. of the given triangle. 
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HOW TO USE THE LAW OF SINES AND THE LAW OF COSINES 

Now you are prepared to solve problems dealing with the four groups of 
oblique triangles listed on page 2 of this Project Sheet. The groups 
are also shown on pages 4 and 6 in the illustrations. When you have an 
oblique triangle to solve, you must first choose which formula to use. 
Find the formulas from the Law of Sines^or the Law of Cosines according 
to the information you have about the triangle. Pick a formula that uses 
the three elements you know and the one you want to find. Substitute the 
numerical values you know into the formula. Then calculate the value of 
the unknown element. 



Group 1: 



Any two angles and any one side are given. Look at Figure 3. 
Given that the length of a = 64.6°. You need to find angle B, 
length of side a, length of side c. 




Rfem*mb*r +H<rf ^A+^6+^C = ISO* 

% &= 180*- 88.1* 

An equation from the Law of Sines is selected since, now, all angles and 
one side are known. Therefore, any of the remaining sides may be found.' 



Sin A Sm C 6m C ^ n *lfcmin4-s 

a = l. 534." 



nIoWj S±\t?cJr a*©4-Ufec e^Mal/on involving 3'^* t> 
-from [ 

b g C } and b s CSm6> 

b = ( 3.^feo")(sm -91.9°) „ ( 3.46o"X0-999) - 3.850" 
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GROUP 2: 



Any two sides and the angle opposite one of the sides are 
given. Look at Figure 4. Given that length of a = 2.864" 
the length of b « 4.228", and angle B - 82.4°. You need ' 
to find the length of side c, angle A, and Angle C. 



Solution: 



Since two sides and an angle opposite one of the sides is given 
you can first solve for the second angle with an equation from ' 
the Law of Sines. 




smA SinS 

Sin A. = Q<>in& j Subsfifuf*- 

» known vqlufcs 

I i'«A (,2.8fc4-")(sin 82.4°) 

4.228 " 

imA & (Z.864")Co.39>z) _ 0 .67l4 
4-22.6" 

•fhfen A = <S«n-' o. CTI4 , and 2$. A = -3z. 

ISO° = 4.A + 4.B +4.C 
4C = 18o c ~45.i8"-S2.4° = 



now s&l&d- anofWer ecjuaf l0 n , mVoWmg Side C, -from -i-n< 

Low o-f S«nCS. 



C = b 



$m C Sm 6> 



4nen C = bsin C 
Sin B 



C = 



C = 



(4.ZZS")Uin5S.42°) 

Sm 32.4° 
(4. 2 28")( 0-8234) 

(o.SSiz) 
5.512" 



i<rure <• : 



' . . > .ci 
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Group 3: Any two sides and the angle' included between them are given. 

Look at Figure' 5. Given that the l^Jgth of a = 5.274", the 
length of b = 9.836", and angle C = 23.78°. You need to find 

the length of side <?, angle A, and angle B. 

Solution: A problem of this type cannot be solved directly by the Law of 
Sines because the given data does not include a single ratio 
between any one side and the sine of its opposite angle. There- 
fore, use the Law of Cosines first to find the side c opposite 
the given angle C. Then solve the rest of the triangle by 
using the Law of Sines. 




0"= aN-b^-ZabcosC 

C £ = v/a x +b a -2fibcosC 

subsf if u-rt known values 



0 = + (5.836) l ~2(s:z74-X9.S5G)(o.Stsi) 

C= sTz9.GZ 
C = S. 4-4- Z " 

th*n *4kc4- <jn equa-Won .rwoWina, 4 A or^B, -from 4K 6 
Low of Sm£.&. 

- c > Sink a QSmC 

•£><n A = (5.274- ')(s.n Z5-78°) 
(>5:4-4-Z- M ) 
A = (S.274-")(o.40^) =0.5906 

(^4^-2") 
A = _in J o. 3So6> = ^.SS 0 

4-B » l6o°- 22.39°- 23.76° 
4- B ^ I53.ZS" 
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Group 4: All the sides are given. Look at Figure 6. Given that the 

length of a « 4.146", the length of b « 6.264", and the length 
of g - 8.786". You need to find angle A, B, and C. 




Solution: This problem is like Group 3. You cannot use the Law of Sines 
first because you don't know any angles. Therefore, as a first 
step you must use the Law of Cosines to find one of the angles. 



*> Solve above 6<juo4-ion -for CasA 

GosA b*4- <:*--- a 

Sub^+ifu^ known eUmenl-s: 

Cos \ = \<^2fe4-") X + (6.78fc")*- (4.r4-fc w )* 

2 ( (=. zt*4-"XB.iet>") 

CoS A = 39.24-m z -f. 77.t9in*- l7.»Sm x 

1 10.07 in 4 
Co* A. = 35.24 m** = O. SOI 6.1, 4hen 
HO. 07 in*- 
4 = cos"' 0.9016.1 

Ihfcn Sel«rc4- an £qu<i4ion mvtolOina Q £ or^lC 4rx>rr> 4nfc Low o£ Sm*s 
a. ^ b 

Sin A. <,in 6> 

SinS> = b^m A j 5cjb6fi4-u4-fe known e\tzmen^ 

CL 

Sin B> s ((o.ZU")(sm 2S.!c,Z~) - (4. 2*>"Xo.4-526Q 
(«4-.K4>") (4-.JW) 

» &m-' 0.4ST34I , E>=-4c>.ar 



4kfcn -|x> "find 2£ C •. 



4. A + 4B 

4c 
4c 



jso 0 - (zs:^ 0 4- 4-o.sr) 



Celling a triangle fry Zrcxc 4 viih the Ijc- cf Cocinet 
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SHOP PROBLEMS 



1. A sketch with dimensions as shown in Figure 7 is given to you to lay 

out prior to machining. To complete the layout, you must find dimensions 



x 3 y and z. 




Figure ?: Find x, y 3 and 



You are given a layout to check a certain dimension for accuracy. Look 
at Figure 8. You measure dimension A, the distance between the points 
of tangency M and N, to be 4.234". How many thousandths of an inch is 
dimension A in error? (Hint: Solve for dimension A by trigonometric 
methods. Then compare the trig A to your measured A. The difference 
is the error.) 



Error 



to the closest thousandth. 




0.5 r 



Figure 8: Find the error of A to the nearest thousandth 
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You are given a triangular pattern to lay out. You know the dimensions 
of the three sides but your problem is how to place it with respect to 
a horizontal base line. You need to find angle A. Look at Figure 9 



Angle A 




her'zOnfol 



Figure 9: Find angle A. 



You have been given a pattern of three holes to be drilled. Look at 
Figure 10. To check the accuracy of the position of the three holes 
you need to find angles A, B, and C. 

Angle A 




Angle B 



Angle C_ 



Figure 10: Find angles A, 
B and C. 



You have been given the hole pattern shown in Figure 11 to lay out. To 
do this, you must find the missing dimensions A, B, and C. 
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CONCLUSIONS 



U™ t a S pr ° JeCt ' We f0Und that metal trades vocational training students 
hnn ra9 t h a ? e - a PP r0Xlmatel y 2 5 years) are requiring further applied poetical 
shop math training after completing high school algebra, geometry and ^Mqono 
metry, to meet metal trades industry job requi remits / Further / students must 
receive hands-on vocational training in a specific metal trade nrrnn^lnn 
current with applied shop math training for that occupation. 0CCU P atl0n con- 

Most students showed significant improvement in solving metal trades on-the-inh 

!? LZ° TJ W< r C ?iT inS 30 t0 40 h0UrS " Prac««' So? m 

training in a small (5 to 15), open-entry, open-exit class setting. 

RECOMMENDATIONS 

Report: ^ * M ^ fo11owing materials to those identified previously in this 

] ' InTri^lV^i J ear u nin 9 P r °J'ects, called Project Sheets, on percentages 
and Charts and Graphs for metal trades. percentages 

2. Training outlines, Student Training Records, for Building Trades: 

Bricklayer Apprentice D.O.T. 861.381-022 
Cabinet Maker Apprentice D.O.T. 660.280-014 
Carpenter Apprentice D.O.T. 860.381-026 

as defined by job requirements of the building industry. 

3. Individualized learning projects, Project Sheets, for each building 
trade occupation cited above. 9 

4 ' Jhl^Vh re , ferenced 1 sn °P matn P^tests and postests which will measure 
trades stuffi " ^ 6X1 ' ^ ° f each metal trades and buildin 9 

Evaluate the materials: 

1. Administer shop math pretests and pestests; 

2. Analyze results of the above t>sts; 

3. Revise training materials as necessary. (See Table B) 
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2. /J/aeJr-a 

rtU6&/)6 Z - Cam -a/ MM (fro/. jb**f* ) 

3. /lefcftrrcn- Jutr/rvciho/? ( 2)£C//r?o/s) 

' M'UsJon* 3 -3/>ec,<,//ze</ A/a/A (&>/. 3/xe/ 5 ) 

5 G&om & ■fry' , 7T 
7- 7r/ye>no/ne-/-ry r 31 

/O. CAor/z <7/7c/ &r^A^ 

Z. d/ge6n? 
S. &eo/r?eJrY' 
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STUDENT TRAINING RECORD 




SKILLS 
CENTER 



No <e 



Cluster Metal Trarlpc: 



occupation Machinist Helper D.O.T. 600.280-0?6 



Date Started . 



.Date Terminated. 



The training modutes ^and milestones listed below are re qul red for the student to seek entry-level employment ,n the occupat.on 
shown above The D O T number is a Job Serv.ce code for this occupat.on. Approbate D.O.T. codes may be listed in the training 
outhne to g.ve the student alternate employment options. Copies of this record will be prepared and issued upon request from the 



TRAINING MODULES AND MILESTONES 



(MENTATION" 



1. Introduction tn Margining 



LT 



You and Machininq 



2- Shop and Job Safety 



" ShPP Safety-Think Safpty" 



ST: 



"Machine Tool -General Machine Shnn 



DkTl 



PERFORMANCE ix) 



Surt 



-SL "ShOP Safety-General c. hn p Ha7arrk» 



SI: "Introduction to Marhin p/Metal Shnp 



ST: "Sho p Safety-Hand Saws. Chisels and 



Files" 



Compliti 



On 
hrt/h«r 
Own 



with 



Mm 
Sup«r 



Max 

So p«r 



Additional 
Training 



ST: "Sho p Safety-Drill Presses and Lathes 

- MATH FOR MACHINISTS (See STR^ 



SHP.R- MATH FOR MArMTN r <rre, f<; PP STP j 



BLUEPRINT READING FOR MACHINIS TS (See STR ) 



MEASUREMENT 



1. HO/CT: Me asure wi th step] nile 



2. HO/CT: Measure with outside micrometer 



HO/CT' 

HQ/CIl 



Measure wihh ypr n i Pr ralippr 



HO/CT- 
HO/CT: 



Measure wi th insirip mi ke 

Measure with small hnlp gagp 



6. 



Measure with telescoping g age 



7. HQ - Measure wir h rippth n.lp 



8. HO/CT: Measure with depth Mike 



9» HO; Measure with rippth VPrn 



ier_ 



)Q - HO: Measuring with prntrartnrc 



111 

12: 



-HQ-: M£3^jirJiis_wii]i 

HO: Me asuring angles and taper with sine 
_filal£ 



13. HO: Measure with dial bore gage 
HO/CT: Meagre With intra -mi crompt.Pr 



1L 

15. 



■ HQ / C T: Measurp with radius gagpc 



H [h Measurp wif.h nptiffl l comparator 



HO/CT 



Measurino with threa d micrometer. 



Measure thread pitch diameter 
(Go, No Go) 



19. HO/CT: Chec k concentricity (Center and 



indicator) 
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TRAINING MODULES AND MILESTONES 



DATE 



Sun 



Compute 



PERFORMANCE WJ 



On 
Own 



with 



Mm 
Super 



Mm 

Super 



Additional 
Tratmno 



t HO: Drill holes through center of round 



— fix HQ /CT: St.pn drill hnlps arcuratPly fp s j 7P 



8, HQ/CT: Countersi nk, counterbore and spot- 



9. HO/CT: Ream holes to size 

11. HQ/CT: Tap holes in drill press bv hand" 



LATHES 



_7 
2A 



h PS/CT: 



Grinding a Right Hand Turning Tool 



Lathe operator control familiarity 



HO/CT: 



Lathe operator control for 17X36 
Leblond Regal 



3, HP/CT: Install and remove chucks and face 



plates-cam lock 



4. HO/CT: Install and remove chucks and face 



plates- third nose 



5, HO/CT: Install and remove chucks and face 



piates-taper key 



6. HO/CT: 

7. HO/CT: 



Rough centering in 4-jaw chuck 



Facing in a chuck 



8. HO/CT: Center drilling in chucks and collet; 



9. HO/ CT* Alinnmpnt of lathp rpnf Prs 



10. HO/fTt 
11- HO/CT 



Mounting work betwe en centers 



Straight turning hPty/p pn centers 
HO/CT: Knurling 



HQ: . Taper cuttin g-offset p ipf-hod 



4. HO/CT: Straigh t turning work in a chuck 
- 15 . HO/CT: Precision CEDlexilig in a 4-iaw rhu CK 



t 16. HO/CT 
i P. HO/CT 



Cutting st eep taoers and chamfers 



; 18. HO/CT: 
I 19. HO: " 



Drilling in a lathe 



Reaming in a lathe 



Grooving and parting operations 



: 20. HO/CT: Grind 60° threading tool 



21. HO: Cutting external threads 



22, HO/CT: Gr inding a radius tool 



23. HO/CT: Grinding a round nose fore tool 



24. HO/CT: 



Radius and fillet turning 
Boring with an engine lathe 



25- HO: 
>6\ 



26AH0/CT: Cutting internal threads 



mi 



, 28. HO/CT! 
?9- HO/CT • 



Center drill ing work between cente rs 
Grindin g a right hand facing tool 



Facing work to lpngth betwppn 
centers 



30. HO: 



31. HO/CT: 

32. HO: 



Taper turning-fr^r attachment 
Tapping threads in a lathe 



33. HO 



35A. HO 



Mounting facing and turning work 



on a mandrel 



Rough a nd fi ni sh turning using 



cemented carbides and ceramics 



Changing jaws in a 4-jaw independent 
chuck 



(35C. HO 



Changing jaws in a 3-jaw universal 
chuck with inside and outside jaws 



Reversing jaws in a 3-jaw universal 
chuck with cap screw mounting jaws 



er|c 



5-4 



J 



3.9o 



TRAINING MODULES AND MILESTONES 



17. HO: Mill fmet comer with balflnTTT 



1R - HO- Machine tappr nr wpfj^p n^ n g tilting. 



21. HO: Tap holes on vertical mill usi 



tapping attachment 



ng 



23, HO: Drill holes using drill .jig 



OATE 



St*rt 



Compwii 



PERFORMANCE UJ 



On 
Own 



with 



Mm 
Soptr 



Wax 

So per 



Addition*! 
Traimng 



SPECIAL ASSIGNMFNTS 



_L_ 

2. 



0N-THF-i1f)R TRAINING 



3. 



STUDENT EMPLOYABILITY REPORT 

Weber State College Skills Center ♦ 1100 Washington Blvd., Ogden, Utah 84404 



Student Name . 



Occupational Program Machinist Helper 



Date Started. 



Copiss of this report will be prepared and issued upon request from the student. 



Date Terminated. 



1. SUCCESS FACTORS 



Initiative 



seeks work 
O meets requirements 
needs prompting 



Follows Directions 



□ very well 

acceptable 
D needs follow-up 



Dependability 



□ keeps word 
dependable 

□ needs encouragement 



Attitude 



Works with Others 



□ very well 

□ acceptable 

O needs encouragement 



□ excellent 

□ good 

D needs encouragement 



Accepts Criticism 



□ very well 

□ acceptable 

O needs encouragement 



Certificate {$) Yes C 
of 

Proficiency No □ 



Certificate Yes □ 
of 

Completion No □ 

(MIN 65%ofSTR) 



2. CERTIFICATES AND HONORS 



Willingness 



□ tries to please 

□ goes along 

O needs encouragement 



Appearance 



□ very neat 
acceptable 

□ needs improvement 



Date(s) Presented 



Honor(s) and Comments: 



Percent Completed 



Date Mailed 



Special Projects and Comments: 



SHOP AND JOR SAFFTY 



3. CERTIFICATE OF COMPLETION PROFICIENCIES 



BASIC SHOP MATH 



BLUEPRINT RFAHTNfi 



I MEASURING TOOLS 



Mount Bands/Saw to I ines 



DRILLING MACHINE OPERATION 



Mount Work" 



.Drill » Ream, Tap Holes 



LATHE OPERATION 



"Cut Teeth 



on Sour Gear 



V ERTICAI MTI I TNG MAC.htnf 



Align Spindle/Mount Vise 



Square Work 



Drill j Rea m, Bore Holp T 



Countersink/Counterbore 



Micrometers: Tnsirip/Qiit.SlflP 



ipprs 



Radius/Fpglpr fiangp* 

Protractors/Dial Indicators 



Grind Tool Rits/Phasp Thrds 



Turn Tapprs/nmi/Ppgm 



Spotface 



Bore/Kni/rl/SteacbL^L 



Index Head 



Turn Rpt.wpp n Centers 



Flv Cutter 



LAYOUT AND BENCH WORK 



Tracer Attachment 



Lavout/Saw/File/Tap/Deburr 



P OWER HACK SAW OPFRATTQN 



.SPECIAL TRAINING PROJECTS 



Remove Broken Studs 



DO-ALL SAW OPERATION 



Weia Blades/ Mount GuTcfes" 



HORTZUNIAL MILLING MACffTWr 



Sl ab Mill/Fa r e Mill 

hlT /l''t Key way 



Straddle 



4. JOB<PLACEMENT 



Employed By 

Address 

Job Title 



Termination Codeu 

Telephone 

Wage 



Date Placed, 



Referred By_ 



Advisor/Instructor. 



Date 



Supervisor 
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SKILLS 
CENTER 



STUDENT TRAINING RECORD 



Name 



Cluster Metal Trades 



Occupation Precision Metal Finisher D.Q.T. 705.484-Oin 



Date Started . 



.Date Terminated. 



The trammg modules and milestones listed below are required for the student to seek entiy-level employment in the occupation 
shown above The D 0 T number is a Job Service code for th s occupation App.opr.ate D.O.T. codes may be hsted in the training 
oj-i ne tc give the student alternate employment options 'Jop.es of this record w.ii be prepared and issued upon request from the 
student. 





TRAINING MODULES AND MILESTONES 


DATE 


PERFORMANCE (x) 








On 


with 


» — * 




Start 


Complete 


his/her 


Mm 


Mex 


Additional 




UKIENTATION 


Own 


?° pgr 


Super 


Training 




1. T ntrnrlurti nn tn Mn-t-al P-J^-? rkinn 

it iii li uuiiLL i mi in i fi-* i rt i r imsn i nfi 

LT: Instructor Infprvipw-Shnn fnnv 














i 


PS: Precision Metal Finish-inn Shm Pnioc 
















PS: Introduction to PMF 














3 


PS: Layout and Cuttinq Circles and 
















Sauares 
















ST: "Shop Safety-Think Safety" 
















ST:"Introduction to Machinp/Metal Sh T op 
















Safety" 














z. 


ST: "Shop Measurinq Instruments-StPPl 
















Rules and Related Instruments" 




1 

i 










ST:"Bench Metalwork-Introouction , Tool<= 




! j 










and Processes" 
















ST: "Measuring Tnstrurnpnts n 
















ST:"Shoo Measurinq Instruments- 
















I 1 * A . _ A II 

Micrometers 














4 


PS: Finish It Safely 














...5 


P5_I Steel RuIps and FppW Ganrjps 














6 
~7 


HO: Measurinq 

OZ: Measurina Instruments 
















c, ricta i rinismnq lOOIS 














8 


PS: Tools and Their Use 
















ST: "Shop Measurinq Instruments- 
















Cal ipers and Dividers" 
















ST: "Shop Measuring Instruments- 
















Vernier Instruments" 














9 


PS: The Vernier CaliDeV* 
















Sl^Machine Tool -Rpnprfel fforhinp Shop 

Safety" 1 
PSJ Opera ti no a Do-All Contour Saw 
















ST: "Machine Tool -Introduction to the 
















Metal Cutting Band Saw" 
ST: "Machine Tool-ODeratinq the Band 
















Saw" 
















ST: "Bench Metalwork-Files and the Filinc 
Process" 
















PS; Filinq and Grindinq a Flat 
Aluminum Block 
















ST: "Machine Tool-Introduction to tho 
















Drill Press* 1 
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Student Name . 



STUDENT EMPLOYABILITY REPORT 

Weber State College Skills Center ♦ 1 100'Washington Blvd., Ogden, Utah 84404 



Occupational Program Precision Metal Finisher 



Date Started 



Copies of this report will be prepared and issued upon request from the student. 



Date Terminated. 



Initiative 



— : seeks work 

— meets requirements 

— needs prompting 

Follows Directions 



1. SUCCESS FACTORS 



Dependability 



Attitude 



— very well 

— (acceptable 

!Z3 needs folio w up 



D keeps word 
ZZ dependable 
Ij needs encouragement 



| CD excellent 
— good 

— r needs encouragement 



Willingness 



Works with Others 



n 



very well 



□ acceptable 

3 needs encouragement 



Accepts Criticism 

— i very well 

lD acceptable 

O needs encouragement 



Certificate(s) Yes □ 
of 

Proficiency No □ 



Certificate Yes □ 
of 

Completion No □ 

( ViN 65% o< STR, 



2. CERTIFICATES AND HONORS 



— tries to please 

, — , 

— i goes along 

Zj needs encouragement 



Appearance 



— f very neat 

CD acceptable 

I — i needs improvement 



Date(s) Presented 



Honor(s) and Comments: 



Percent Completed 



Date Ma : l2d 



Special Projects and Comments: 



Safety In Industry 



3, CERTIFICATE OF COMPLETION PROFICIENCIES 



-L£neci >ion Measuring TQ fljs 



Metals Blending 



j Power Hand Tools 



Metal Cutting Band Saw 



Drill Press 



Metal Deburrino 



Math for Metal Finishino 



Basic Blueprint Rp^-jpg 



Hand Operated Cutting TnnU 



hand Opgr gted Bending TnnU 




Employed By 

Address 

Job Title 



Date Placed 



Termination Code- 
Telephone 

Wage . 
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SKILLS 
CENTER 



STUDENT TRAINING RECORD 



Name 



Cluster Metal Trades 



occupation Sheet-Metal -Worker Apprentice D.O.T. 804.281-014 



Date Started . 



.Date Terminated. 



The training modules and milestones listed below are required for the student to seek entry-level employment in the occupation 
shown above. The D.O.T. number is a Job Service code for this occupation. Appropriate D.O.T. codes may be listed in the training 
outline to give the student alternate employment options. Copies of this record will be prepared and issued upon request from the 
student. 



/ 






DATE 


PERFORMANCE <x) 




TRAINING MODULES AND MILESTONES 








On 


with 








Start 


Complttt 


his/htr 
Own 


Min 
So par 


Max 
Su par 


Additional 
Training 




ORIENTATION 
















1. Introduction to Shept Mptal 














1 


LT: Instructor Tntorvipw 














z 


ST: M Sheet Metalwork: Introduction and 
















Overview" 














0 


PS: The Sheet Metal Industry 
















2. ShOD and Job Safety 














A 
H 


PS: Why Safetv is Important to the 
















Sheet Metal Worker 














[— 5 


ST:"'Shop Safety:Think Safety" 














0 


ST:"Shop Safety-General Shoo Hazards" 














7 
/ 


ST: "Shop Safetv: Hand Saws, Chisels. 
















and Files" 














o 
0 


STrShop Safety: Screwdrivers. 


Wrenches- 
















Sheet Metal and Welding TnnU" 














Q 


PS: Your Sheet Metal ShOD Rules 














10 


RV: Instructor Interview-ShoD Rules 
















3. Basic Metals 














n i 


PS: Basic Metals and Sheet Gauaes 














ic 


PS: Your Guide to Basic Metals 


















- BASIC BLUEPRINT READING (See STR^ 


















BASIC MATH (See Basic Math STR) 
















SHOP MATH FOR SHEET METAL WORKERS (See STR 
















HAND TOOL IDENTIFICATION AND USE 
















1. Measurina Tools 














13 


ST: "Shop Measurinq Instruments: Steel 
















Rules and Related Instruments" 
















ST: "Measurina Instruments.' 1 














14 


PS? RpaHing a RuIp 














15 


PS: Usinq the Circumference Rule 














16 


ST: "ShOD Measurina Instrtmpnts: 
















Micrometers" 














17 


PS: Micrometers 














18 


ST:"Shop Measurina Instruments: 
















Calipers and Dividers" 
































2. Scribinq Tools 














20 


DM: Usinq Scribino Tools 
















PS: Scribing on Mptal 
















3. Hand Operated Cuttinq Tools 














AC 1 


ST:"Sheet Metalwork.-Ctittinq ftethods" 
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Student Name, 



STUDENT EMPLOYABILITY REPORT 

Weber State College Skills Center • 1100 Washington Blvd., Ogden, Utah 84404 



Occupational Program Sheet Netal Worker Apprentice Date Started 



Copies of this report will be prepared and issued upon request from the student 



Date Terminated. 




Initiative 
seeks work 
D meets requirements 
D needs prompting 

Follows Directions 



very well 
□ acceptable 
O needs follow-up 



Dependability 

□ keeps word 

□ dependable 

Q needs encouragement 
Works with Others 



□ very well 
acceptable 

□ needs encouragement 



Attitude 

excellent 
Ljgood 

D needs encouragement 
Accepts Criticism 



□ very well 

□ acceptable 

D needs encouragement 



Certificate(s) Yes □ 
of 

Proficiency No O 



Certificate Yes □ 
of 

Completion No □ 

(MIN: 65% of STR) 



Date(s) Presented 



2. CERTIFICATES AMD HONORS 



Willingness 

□ tries to please 

□ goes along 

Q needs encouragement 
Appearance 



□ very neat 

□ acceptable 

Q needs improvement 



Percent Completed 



Honor(s) and Comments: 



Date Mailed 



Special Projects and Comments: 



-Safety in In^ istry 



3. CERTIFICATE OF COMPLETION PROFICIENCIES 



.Basic MetaU 



-Hand OppratpH r, T f t j n g Tnn1 r 



iianOfiPxai gd^endina Tools 
and Machines 



Hand Operated Cutting 



i>ower Hand T^n] q 



-Radial I in e_Lavout_ 



Parallel Line Layout 



Jrianoula tion Lay out 



_Bend Allowances 



.Bowe r Shear Machine 



-Seams, _an d Fasteners 



Sunt Melding ™a snldpring 



Jower PrPS 5 Mar hi gp 



■furnace (toatiML 



furnace Rppg_lc_ 



4. JOB PLACEMENT 



Basic Blueprint RpadTng ] 



Math for S hppt Mp t fl 1 



Employed By 

Address 

Job Title 



Date Placed, 



Termination Cooe 

Telephone 

Wage . 



Referred By_ 



Ad»i;or/lnstructor. 



ERLC 



Date 



Supervisor 



5-15 



400 



6/81 



STUDENT TRAINING RECORD 




SKILLS 
CENTER 



Name 



Ciu*!»e- Metal Trades 



Occupation Combination Weld er ApprenHrP H O T . 8ig.3fi4-n nft 



Date Started . 



.Date Terminated. 



The tra n ng modules and mlestones listed below are reaped for the student to seek entry-level employment in the occupat.on 
shown above. The D O.T number is a Job Service code for this occupat.or . Appropriate D.O.T codes may be listed in the training 
out? ne to give the student alternate employmen' options. Copies of this record ivi* be prepared and issued upon request from the 
student. 



E 

o o 



TRAINING MODULES AND MILESTONES 

Gas Welder Apprentice D.O.T. 811.684-010 



iKlhNTATION TO OXY-ACETYlENE WELDING 



DATE 



Start 



Complete 



PERFORMANCE U) 



On 
his/her 
Own 



with 



Mjn 
Super 



Max 

Super 



Additional 
1 raining 



1. Introduction to Qxy-Acptylpnp UplrHng 
LT: Instructor Tntprvipw - Shop Tnnr 



PS: You and Your Welding Program 



P S: The WplriPr's ,1oh 
ST: 



_MP_ 



"Your Future as a Welder Helper "No. 1 
Orientation; "Fnturpsin Wplding" 



CT: "Introduction ■ t o Oxy-Acptylpr 



Welding" (Xr-l) 



2. Oxy-Acetylene Shop and Safety 

Oxy-Acetylene Safety (Par t V 



PS: 



PS: Oxy-Acetylene Safety (Part 2] 



ST: "Oxy-Acetylene Safety"(Part 1) No.2" 



ST: "Oxy-Acetylene Safety" (Part 2) No .3 
LT: Safety Lecture 



MP: Safety Film: 



DM: Oxv-Acetylene Shop Safety Procedures 



BASIC MATH FO R WF1 DFRTT>-,pp_^TRI 



SHOP MATH FOR WELDERS (See STR) 



BASIC RIIIPPRT.MT RF/.nTNR (Spp STR ) 



BLUEPRINT READING FOR WFI.QERS (See STR) 



OXY-ACETYLFNF PRP CFSSFS 



J. O-AV-Arpt.ylpnp Welding Fquipmpnt 



PS: Setting Up Your Equipment 



PS: Light ing Your Torch 



CT: "Welding FouipmPnt. Orientation' (KC -? 



-MP-^H&ttest Flame on F^rth" (WSC) 



DM: Setting Up Oxv-Acetylene Fouipmpnt 



1 



OXY-ACETYI FNE WELDING POSITIONS 



1. Welding in the Flat Position 



PS: Making Beads Without Rod 



PS: Making Beads With Filler Rod 



PS: Welding Butt Joints 



PS: Welding Lap Joints 



PS: Welding Tee Joints 



CT: "Setup and Basic Welds" (KC-3) 



3 

:RLC 



CT:"Butt and Lao Joints" (KC -4) 
CT: "Tee and Corned Welds" (KC-5 



5- 16 



ttrr 




ERIC 




ERIC 



DM: Power Hack Saw Safety and O peration 

mP^ ~ 



Student Name 



STUDENT EMPLOYABILiTY REPORT 

Weber State College Skills Center • 1 100 Washington Blvd., Ogden, Utah 84404 



Occupational Program Combination Welder Apprentice Date Started 



Copies of this report will be prepared and issued upon request from the student. 



Date Terminated. 



Initiative 


Dependability 


Attitude 


Willingness 


— seeks work 

CD meets requirements 

- — needs prompting 


CD keeps word 
CD dependable 
O needs encouragement 


CD excellent 
: — 1 good 

— : needs encouragement 


CD tries to please 

i — goes along 

CD needs encouragement 


Follows Directions 


Works with Others 


Accepts Criticism 


Appearance 


Gyery well 

!Z! acceptable 

D needs follow-up 


CD very well 

O acceptable 

CD needs encouragement 


ID very well 

LJ acceptable 

CD needs encouragement 


1 — i very neat 

CD acceptable 

CD needs improvement 



Certtficate(s) Yes □ 
of 

Proficiency No □ 

Certificate Yes □ 
of 

Completion No □ 

(MIN: 65% of STR) 



^CERTIFICATES AND HONORS 



Date{s) Presented 



p ercent Completed 



Honor(s) and Comments: 



Date Mailed 



Special Projects and Comments: 



Shop and Job Safety 



3. CERTIFICATE OF COMPLETION PROFICIENCIES 



Blueprint Reading fpr 



Math for Wp1dpr<; 



Oxv-Acetvl ene Pipp W p^ing 



Hand TooTs" 



Power Tools and Ma<; hinp<; 



Oxv-Acetvlene Welding 
■(nil positions) 



Cjxv-ArPtyifinp Ci'ttinn 



Electric Ary Welding 
(flat position onTy ) 



Electric Arc Weldin g" 



(all positions) 



Electric Arc Pipe Melding 



Gas Metal Arc Welding 



Gas Tungsten Arr UplHjpg 



Brazing 



AUS CertifiPfj 



4. JOB PLACEMENT 



Employed By 

Address 

Job Title 



Date Placed. 



Termination Code- 
Telephone 

Wage 



Referred By_ 



ERLC 



Advisor/Instructor. 



Date 



Supervisor 



5-21 
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